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PREFACE, 



The information contained in the following pages was 
not originally intended for publication, but represents the 
contents of an Engineer's note book, collected for use in 
his own Works during many years of practice. 

The Author having been in the habit of compiling Rules 
and Data, relating to his business, for his own use in the 
practical construction of a great variety of modem engineer- 
ing work, and having found his notes extremely useful, 
decided to publish them — ^after having revised them to 
date — ^trusting that a practical work, suited to the daily 
requirements of modern engineers, would be favourably 
received by the public. 

Among many new and original features of this work will 
be found the following : — 

The weights of those metals usually rolled to gauge are 
given to the New Imperial Standard Wire-Gauge, — the 
Birmingham Wire-Gauge being no longer a legal measure. 

The weights of sheet-iron, hoop-iron, and corrugated iron 
are those rolled both to the New Imperial Standard Wire- 
Gauge, and to the B. G. Gauge, or scale adopted by the 
South Staffordshire Ironmasters, on March ist, 1884, as the 
Trade Standard for sheets and hoop-iron. The weights of 
iron-wire, steel-wire, copper-wire, and brass-wire are to the 
New Imperial Standard Wire-Gauge. 

The tables of mixtures of metals, for castings of cast- 
iron, gfun-metal, brass, antifriction white-metal, and other 
alloys, are the most extensive and complete ever published. 

Weights are given of a great number of toothed-wheels, 
and of pulleys for belts and ropes, also of shafting, 
couplings, plummer-blocks and many other useful materials. 

The strengths of materials are based upon the most 
recent investigations. Particulars are stated of the 
quantities of work turned out by machine-tools. 



VI PREFACE. 

A Vocabulary of French and English Engineering Terms, 
which it is believed will be found a useful feature, is added. 

In order to make the very varied and extensive matter 
given in this work readily comprehensible by all classes of 
readers, the use of algebraical symbols has been, with 
one or two exceptions, dispensed with, the rules being 
expressed in words — many worked-out examples of which 
are -given — and the Author has endeavoured to impart the 
information as clearly and briefly as possible, and to give 
nothing but the most recent practical data. 

In conclusion the Author takes this opportunity of ex- 
pressing his indebtedness for some of his information to 
the columns of " The Engineer," and " Engineering," and to 
other sources, which are acknowledged where the quotations 
occur. 



PREFACE TO THE SECOND EDITION. 



The Author is pleased to announce that the hope he 
expressed in the Preface to the First Edition, that his 
book might be favourably received by the public, has been 
realized. 

The rapid sale of the First Edition, and the kind and 
appreciative manner in which the work has been reviewed, 
lead the Author to believe that such a book was a 
desideratum which he has not unworthily supplied. 

In issuing a Second Edition the Author has taken the 
opportunity to carefully revise and correct the work, and 
also to avail himself of several suggestions of his kindly 
critics. Some of the tables have been reconstructed and 
new matter has been added which he believes will enhance 
the value of the book. 

The Author respectfully invites from his readers infor- 
mation of any misprints which they may discover; or 
any hints for the improvement of future editions, so that 
the book may keep pace with the advance of engineering 

science. 

W. a HUTTON. 

4, Sunderland Villas, 
Forest Hill, London. 
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SECTION L 



STATIONARY AND LOCOMOTIVE STEAM 
ENGINES, GAS ENGINES, &c. 



WORK AND HORSE-POWER. 

A Unit of Work is eqttivalent to one pound avoirdupois raised 
vertically one foot. The units of work done in raising a given weight 
to a given height, are found by multiplying the height in feet by the weight 
in pounds. The units of work done in raising a weight up an inclined 
plane, are equal to the work that would be done in raising the weight 
vertically through the height of the plane. 

The Xodiiliis of a Machine is the fraction which expresses the relation 
of the work done to that of the work applied, or the percentage of the 
power absorbed which a machine will give out in useful work. 

MODULUS OF MACHINES. 

Centrifugal pump, small '25 

Undershot water-wheel '25 to '33 

Paddle water-wheel '25 to '33 

Inclined chain pump -38 

Oscillating pump -45 

Hydraulic ram — lift 10 to i of fall -48 

Centrifugal pump, medium size, low lift . . . '5c 

Common lift pomp -50 

Upright chain pump '53 

Pumps for drainage '55 

Poncelet's undershot water-wheel -55 

File engines -57 

Endless chain and buckets — ^lift 9 feet '58 

Bucket wheel '60 

Breast water-wheel -60 

B a 
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Turbine, with sluice half open 
Pumps for mines and deep wells 
Archimedean screw . 
Centrifugal pump, large, low lift 
Overshot water-wheel . 
High-breast water-wheel 
Turbine, with sluice wide open . 
Hydraulic ram — lift 4 to i of fall 
Hydraulic machines — 4 to i 
Three-throw pumps 
Waterworks pumping engine 



•61 
•66 
•68 

70 

•70 

75 
75 
75 
75 
76 
•80 



Korsa-powar. — A strong horse can travel 2^ miles per hour and work 
8 hours a day, doing the equivalent of pulling a load of 150 lbs. weight up 
out of a shaft by means of a rope. 2^ miles an hour is 220 feet per 
minute, and at that speed the load of 1 50 lbs. is raised vertically the same 
distance, that is equal to 300 lbs. raised no feet high, or 3,000 lbs. raised 
II feet high, or 33,000 lbs. raised one foot high per minute. The unit of 
power is the mechanical force necessary to lift 33,000 lbs. one foot high in 
one minute ; but, in dealing with steam engines, two terms are used, viz., 
nominal horse power, and actual horse-power. 

JTomiiLal Korsa-powar is a commercial term used by makers of 
engines to denote only the size of an engine without regard to the actual 
power it will exert. 

irommal Korsa-powar of ITon-Condansixig Enginas. — ^The rule of 
ordinary practice is to make the sectional area of the cylinder equal to 
from 9 to 10 square inches for each nominal horse-power. The nominal 
horse-power of non-condensing engines may be found by the following 
rule, which accords with the best modem practice. Rule : Multiply the 
square of the diameter of the cylinder in inches by 7, and divide the result 
by 80. 

XTomiiLal Korsa-powar of Condansing Snginas. — Rule: Muhiply 
the square of the diameter of the cylinder in inches by 7, and divide the 
product by 200. 

Aotual Korsa-powar of aa Engina. — ^To find the actual horse-power. 
Rule : Multiply the area of the cylinder in square inches by the average 
effective pressure in lbs. per square inch, minus 3 lbs. per square inch for 
friction ; and by the speed of the piston in feet per minute. The product 
will be the number of foot-pounds per minute which the engine will raise. 
Next, divide the product by 33,000, and the quotient will be the actual 
horse-power. 

Fowar and Waight of Kan and Animals. — In working a crane 
handle, a man can apply a force of 60 lbs. in an emergency with difficulty, 
or a force of 30 lbs. for a short time with difficulty, or a force of 20 lbs. for 
a short time easily, or a force of 1 5 lbs. in continuous work at a velocity of 
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2 20 feet per minute ; hence the power of a man is 15 x 220^3,300 foot 
pounds per minute, or one-tenth of a horse-power. A soldier on march 
travels about 30 inches per step, and occupies a front of 2 1 inches in the 
rank ; the average weight of men is 1 50 lbs. each ; five men can stand in 
a space of one square yard ; the weight of ordinary crowds of people is 
80 lbs. per square foot ; the absolute force of a man in pulling horizontally 
or pushing with his hands is no lbs., his lifting power with both hands is 
280 lbs., and the greatest load he can support on his shoulders is 336 lbs. 
A horse will exert a pulling force of 120 lbs. at the rate of 2^ miles an hour 
during 10 hours. A pony or mule will exert a pulling force of 60 lbs. at 
the rate of 2^ miles an hour during 10 hours. An ass will exert a pulling 
force of 30 lbs. at the rate of 2 miles an hour during 10 hours. These 
animals will each carry a load on its back equal to one-fourth its own 
weight, at the rate of 2| miles an hour during 10 hours. A horse will draw 
a load of one ton at the rate of 2^ miles an hour during 10 hours. A pony 
or mule will draw a load of 1 2 cwt. at the rate of 2I miles an hour during 
10 hours. An ass will draw a load of 7 cwt. at the rate of 2 miles an hour 
during 10 hours. These forces are for a straight pull ; when animals work 
by pulling while walking in a circle, their pulling force is only about 60 per 
cent, of their force for a straight pull ; the diameter of the circular path 
should not be less than 25 feet, and the velocity should not exceed 2 miles 
an hour. ' The average weight of a cart-horse is 13 cwt. ; a cob, 7 cwt. ; a 
mule, 6 cwt. 

Benstaace of Carts and Wa^gona to Traction on Xiorol Soads 
and Baals. — ^The resistance to traction in proportion to the whole weight 
is 1^ on fields ; -^ on gravel and on broken-stone roads in bad condition ; 
^ on dry hard turf ; 3^ on good macadamized roads ; ^ on underground 
tramways with 8-inch diameter wheels; ^V 0° wood pavement; -^ on good 
London pavement ; ^ on street tramways with grooved rails ; -jpf^ on 
underground tramways with 12-inch wheels on round top rails; y-J-^ on 
asphalte pavement ; 7^ on granite tramway ; -^^j^ on railways. 

The force required to drag a weight on a level firm wood floor without 
rollers is f the whole weight, and with the weight placed on rollers 3 inches 
diameter, it is -^ of the whole weight. 



CONDENSATION IN STEAM CYLINDERS. 

Condonsation. — ^It is found in practice that nearly all steam engines 
use half as much more steam than is theoretically required, and this loss is 
mostly caused by condensation of the steam in the cylinder. When steam 
enters a cold cylinder, it is rapidly condensed during the operation of 
warming the cylinder and piston, and raising their heat up to the same 
temperature as the steam, because the piston will not move until both it 
and the surrounding surfaces are heated to a temperature approaching 
more or less that of the steam. Re-evaporation takes place during the 
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whole time of exhaust, because the steam, when exhausting after expansion, 
being lower in pressure and temperature, cools the cylinder and steam 
passages, and absorbs the heat. The heat thus abstracted must be restored 
to the metal by the entering steam, a portion of which must be condensed 
to restore the heat thus lost, because, as already stated, until the metal is 
considerably raised in temperature, the heat in the entering steam will be 
expended in heating the surfaces, instead of moving the piston. Con- 
densation also goes on in the cylinder, due to the performance of work 
during expansion in driving the piston. The steam falls in temperature 
owing to its change in volume during expansion, and the temperature of the 
interior surfaces of the cylinder also falls during expansion, nearly with that 
of the steam, parting with heat to re-evaporate the water formed. There- 
fore, at the commencement of each stroke, a portion of the entering steam 
must be condensed to restore the heat lost by condensation and the cooling 
of the cylinder by re-evaporation during the previous expansion, as well as 
the heat abstracted by the steam during exhaust. 

The extent to which cylinder condensation takes place depends upon the 
extent of the cooling surfaces opposed, and also upon the quantity of water 
mixed with the steam and carried with it from the boiler ; but part of the 
water formed from the condensed steam is re-converted into steam during 
expansion, and the heat necessary for its re-evaporation is supplied from 
three sources. First, from the heat stored in the metal which was abstracted 
from the entering steam. Secondly, from the sensible heat given up by the 
steam as it falls in pressure and temperature during expansion. Thirdly, 
from the latent heat given up by the steam during condensation. So that 
the action of condensation and re-evaporation is continually going on in the 
cylinder. Condensation varies as the size of cylinder, for as the diameter 
is increased, the condensing surfaces increase directly as the diameter ; but 
the area and consequently the volume of steam increase as the square of 
the diameter; the condensing surfaces of the pistoil and cylinder-ends 
increase as the square of the diameter; but the volume of steam cut off at a 
given proportion of the stroke increases directly as the length of stroke, so 
that the loss from condensation diminishes as the diameter of cylinder and 
the length of stroke are increased. Condensation also varies with the rate of 
expansion; the weight of steam condensed increases rapidly with each 
increase in the ratio of expansion. 

CYLINDERS. 

Cylinder Condensation causes a great loss of both steam and fuel, and 
forms an obstacle to working expansively ; in fact, unless the cylinder is 
protected in some way, so as to keep up the temperature of the steam during 
expansion to its initial pressure, little or no gain will be derived from work- 
ing expansively. If steam could only be maintained at a suitably high 
temperature during expansion, without condensation, then the reduction of 
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pressure during expansion would be the exact equivalent of the work done 
in expanding. It is found in practice that even in cylinders jacketed in 
the best manner the loss from condensation is about from i^ to 2 lbs. per horse- 
power per hour, and in unjacketed but well clothed cylinders the loss 
from condensation is from 4J to $ lbs. per horse-power per hour. 

Xreaky Fistoxui are another source of loss, and the amount of steam 
which from this cause escapes past the piston increases with the pressure of 
the steam and also with the age of the engine, so that a quantity of steam 
is continually passing through the cylinder without performing any work. 

Iteaky Valves also cause loss by admitting the steam after it is supposed 
to be cut off, and the initial work of such steam is lost, the cause of leakage 
being either want of stiffness in the valve, which allows it to bend into the 
ports in passing over them, or the surface is made so small that capillary 
attraction does not properly take place between the valve and its seat. 

Clearance between the piston and the cylinder covers and the space 
occupied by the steam passages cause considerable loss, because these 
spaces are emptied of steam at each exhaust, and have to be re-filled at the 
beginning of each stroke, and the steam thus used does no work during 
admission, although it is not altogether lost, because it acts by expansion 
daring the stroke. 

Compressioii. — The loss due to clearance and waste room in the steam 
passages may be avoided by compressing the steam ; this is accomplished 
by closing the exhaust port a little before the termination of the return 
stroke, and the advancing piston compresses the confined steam against the 
cylinder end. This is motion against resistance, and the work lost by the 
piston is imparted as heat to the steam, the compression of which raises its 
temperature, and its pressure can thus be raised up to its initial pressure, 
and heat will be applied to the cylinder covers and piston, which would 
otherwise be abstracted from the steam from the boiler, and condensation 
is prevented to that extent. 

Cushioxxing. — Another great advantage from compression is that the 
compressed steam acts as a cushion to the piston and prevents a sudden 
shock at the end and beginning of each stroke, when the motion of the 
piston is reversed and the power used in compressing the steam (with the 
exception of loss from friction) is returned by the re-expansion of the 
compressed steam on the reversal of the piston. By properly adjusting the 
quantity of cushion, the momentum of the piston is balanced, and the engine 
is made to run smoothly and noiselessly. 

Back Pressure causes loss of power, the extent of which depends upon 
the quantity of water mixed with . the exhaust steam and also upon the 
amount of resistance opposed to the escape of the exhaust steam from the 
cylinder, in the shape of contracted ports and passages and bent exhaust 
pipes. Bends and elbows in the exhaust pipe cause great back pressure, 
but in non-condensing engines the back pressure is never less than the 
pressure of the atmosphere plus the power required to expel the exhaust 
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Steam from the cylinder. In condensing engines, the condenser and air- 
pump are employed to remove the back pressure or pressure of the atmos- 
phere, but as a perfect vacuum is never obtained and there is always some 
resistance to the escape of the steam from the cylinder, there is always a 
back pressure of about 2 lbs. in condensing engines. 

Batio of Szpansioiif— In order to obtain all the available power, the 
steam should be brought on to the piston at its highest pressure and cut off 
quickly, so that the pressure does not fall during the closing of the port, as 
expansion cannot begin properly until the port is closed, and the full 
expansive force of the steam should be used as nearly as possible to the 
end of the stroke, and then exhausted freely, therefore the steam must be 
cut off at such a part of the stroke that it will expand to the lowest practica- 
ble point before exhausting. It is found in practice that the best results 
have been obtained by expanding the steam 6 times in single-cylinder 
steam-jacketed condensing engines ; 4 times in single cylinder condensing 
engines without steam jackets ; 3^ times in single cylinder steam jacketed 
non-condensing engines; 3 times in single cylinder non-condensing engines 
without steam jackets, but with well-clothed cylinders; 8 times in compound 
condensing jacketed engines ; 6 times in compound condensing engines 
without jackets, but with well-clothed cylinders. In all cases the utmost 
feasible ratio of expansion is the number of times the total back pressure is 
contained in the total initial pressure. 

Lowest Absoliite Terminal PreMmre. — In non-condensing engines, 
the exhaust port being open to the atmosphere, there is a back pressure of 
15 lbs. per square inch, plus the power necessaiy to drive the engine 
against its own friction, and to expel the exhaust steam from the cylinder, 
which is on an average 5 lbs. ; so that the lowest terminal absolute pressure 
to which steam can be economically expanded is 20 lbs. In condensing 
engines, there is always a pressure in the condenser to be provided against, 
as well as the resistance to the escape of the steam from the cylinder, and 
the- power necessary to drive the engine against its own friction, so that the 
lowest terminal absolute pressure to which steam can be economically 
expanded, is 8 lbs. per square inch. When the steam is expanded to a 
lower terminal pressure than this, the result will be loss of power. 

Soonomical Working. — To secure the utmost economy, it is necessary 
to work at a good rate of expansion with dry steam, and this can only be 
obtained by keeping the steam in the cylinder at such a point, that it will 
be as nearly as possible totally free from condensation; for this purpose the 
steam jacket was designed. 

Steam Jaokets. — ^The object of the steam jacket is to prevent condensa- 
tion in the cylinder, and its effect is to remove the condensation from the 
inside of the cylinder, where it retards the effective working of the piston, 
to the outside of the cylinder into the jacket, whence it can easily be drained 
off and returned to the boiler. To enable the jacket to work properly, means 
must be provided to keep it clear of both air and water, otherwise they will 
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completely destroy its action. The best form of steam jacket is shewn in 
Fig. I , which is a section of a cylinder with both the cylinder and covers 
jacketed. The jackets of the cylinder and cover should be connected by at 
least 6 holes, and care must be used in making the joint to prevent these 
holes from being filled up with red lead, but pieces _ 

of tube screwed into the cylinder-cover effectually ,^, ..■■,. ... -^JZll, 

prevents this taking place. The jacket is filled with 
steam from the boiler, and condensation in the 
cylinder during expansion is prevented by the heat 
passing from the jacket to the expanding steam. 

ILaad of a Val^e. — It being important to obtain 
the full pressure of the steam at the commencement 
of the stroke, the eccentric is fixed a little in advance 
of the position at right angles to the crank, which 
causes the port to be slightly open before the piston pj^ , 

arrives at the end of the stroke, so that the moment 
the crank has passed its dead centre the piston begins its stroke with the full 
pressure of the steam behind it. The amount of lead required depends 
upon the speed of the piston, the size of the ports and the quantity of steam 
in the cylinder at the time the valve is opened. 

Insufficient lead causes the piston to travel a portion of its stroke before 
it receives the full pressure of the steam, and excessive lead causes an 
irregular working of the piston, which receives a sudden shock, and the 
entering steam is compressed, which causes back pressure and loss of 
power, besides straining the engine. 

J^p of a Valve. — In order to work expansively, the admission of the 
steam is cut off and the steam is confined in the cylinder, when the piston 
has only travelled a portion of its stroke, and this is effected with the 
common slide valve by making it sufficiendy long, when in middle position, 
to overlap the extreme edges of the steam ports. The overlap is called 
outside lap. 

Inside lap, or lap on the exhaust side, when it exists to any extent, is 
given to the valve to delay the release of the steam, but in engines that 
work at a good speed no inside lap is given more than is just sufficient to 
cover the ports on the exhausting side to prevent leakage of steam when the 
valve is at its half stroke. 



PROPORTIONS OF HIGH PRESSURE NON-CONDENSING 

STATIONARY ENGINES. 



■peed of piston in feet per minute is found by multiplying twice 
the length of stroke in feet by the number of revolutions per minute of the 
crank shaft ; the usual speed is from 300 to 650 per minute. A piston with 
a given pressure upon it, will exert power in direct proportion to its speed, 
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therefore an engine to work economically should work at as high a speed 
as is possible without heating and vibration. A high speed enables large 
measures of expansion to be used, and gives a smooth and uniform motion. 
A high speed engine requires \^'ide bearings, and the momentum or force 
stored up in its moving parts should be accurately balanced to enable it to 
run steadily without tremor ; the piston can be balanced by compression, 
and the large end of the connecting-rod and the crank should be balanced 
by a counterweight revolving opposite to the crank, so that both may 
revolve in the same plane of revolution. 

Area of Cylinder. — 9 square inches of cylinder area are usually given 
for each nominal horse-power. 

Biameter of Cylinder. — Multiply the nominal horse-power by 9, take 
the square root of the product and multiply by i'i283, and the product will 
be the diameter of the cylinder. 

Thickness of Cylinder. — ^There is no rule for thickness of metal that 
would be applicable to all sizes ; the following are the usual proportions, 
including allowance for reboring. 
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Thickness of Cylinder Sibs = three-quarters the thickness of metal 
of cylinder. 

Thickness of Cylinder Flanges = same thickness as cylinder. 

Thickness of Xetal of Steam Passages = three-quarters the thick- 
ness of cylinder. 

Thickness of Cylinder Covers = thickness of cylinder multiplied 

by -83. 

Thickness of Sole Plate of Cylinder = thickness of cylinder mul- 
tiplied by 1*25. 

Area of Steam Port = area of cylinder in square inches divided 

by 12. 

Length of Steam Port = diameter of cylinder in inches multiplied 

by -88. 

Width of Steam Port = area of steam port divided by the length of 

port. 

Width of Szhanst Port = width of steam port multiplied by 2*25. 

Width of Bridge = width of steam port divided by 1*37. 

j^i^ ^iL of Steam Pipe = area of cylinder in square inches divided 

by 16. 

Area of Szhaost Pipe = area of cylinder in square inches divided 

by 12. 
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Diamater of Piston Sod = diameter of cylinder divided by 6'2. 

lUameter of Piston Bod StniBng-Boz = diameter of piston rod 
multiplied by i*8. 

D^th of Piston Sod Stufing-Boz = diameter of piston rod multi- 
plied by I '6. 

Depth of Bnsh at bottom of StniBng-Boz = one-third diameter of 
piston rod. 

Thickness of Flange of Gland = one-fourth more than thickness of 
gland. 

Thickness of Xetal round StoAng-Boz = thickness of gland mul- 
tiplied by 1*5. 

Biameter of Slide-Valve Spindle = diameter of cylinder divided 
by 10. 

Outside Lap of Slide-Valve = width of steam port multiplied 
by •62. 

Inside Lap of Slide-Valve = tV ^^^^• 

Stroke of Slide-Valve. — ^Add together the width of steam port and the 
outside lap and multiply by 2. 

Clearance between Piston and Cylinder-Cknrer at each end of 
Stroke. — Divide the diameter of the cylinder by 32. 

The cylinder should be cast from tough close-grained cold blast iron, as 
hard as it can be properly worked, and the ends should be bell-mouthed. 

Length of Stroke = diameter of cylinder multiplied by 2. Small 
engines are frequently made with the length of stroke = diameter of cylinder 
multiplied by i'5. 

Piston. — Width of piston = J the diameter of cylinder. 

Taper of piston rod in the piston = J inch per foot. 

Piston-Sings. — Cast-iron is a good material for piston-rings. An alloy 
has been successfully used in marine engines, of copper, 1 5 parts ; tin, 
5 parts ; these rings, it is said, require no lubrication, do not score the 
cylinder, are very durable, and cause very little wear in the cylinder, which 
they soon work up to a polished face. 

Biameter of Crank-Shaft. — ^This should be proportioned to the strain 
upon it, by the rule given further on ; but in ordinary cases, the diameter 
of a wrought-iron crank-shaft niay be = to the diameter of cylinder multi- 
plied by '4. 

Diameter of neck of crank-shaft, recessed in the crank-shaft = Diameter 
of crank-shaft multiplied by *8. 

Length of neck of crank-shaft = diameter of crank-shaft multiplied by 
1*6 for ordinary cases, and by 2 for high speeds. 

Cran^ Cast-iron. — Diameter of boss for crank-shaft = diameter of 
shaft multiplied by 2. 

Depth of boss = diameter of shaft. 
• Crank to be shrunk on and keyed on with a key in width = to Jth the 
diameter of shafL 
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Thickness of key = width of key multiplied by '42, 

Diameter of boss for crank-pin = diameter of crank-pin multiplied by 
a-25. 

Depth of boss for crank-pin = diameter of crank-pin multiplied by 1*5. 

Crank-pin to be shrunk in and riveted at back. 

Thickness of web of crank = diameter of crank-pin, and a strong rib in 
centre should connect the two bosses. 

Crank, Wrought-Zron. — Diameter of boss for crank-shaft = diameter 
of shaft multiplied by 175. 

Depth of boss = diameter of shaft multiplied by "87. 

Diameter of boss for crank-pin = diameter of crank-pin multiplied by 2. 

Depth of boss for crank-pin = diameter of crank-pin multiplied by 1*4. 

Thickness of web of crank = diameter of crank-pin. 

Crank-Fin. — Diameter of crank-pin = diameter of cylinder multiplied 
by '24. 

Length of crank-pin = diameter of crank pin multiplied by 1*5. 

Socentrio. — ^Throw of eccentric when it works the valve direct = J the 
travel of the slide-valve. 

Width of recess for eccentric-strap = diameter of cylinder multiplied by 
•18. 

Depth of recess in eccentric, from } inch to | inch according to size. 

Thickness of flange on each side of recess, } inch to \ inch according to 
size. 

Diameter of boss of eccentric = diameter of shafts multiplied by 1*6. 

Depth of boss of eccentric = diameter of shafts multiplied by 7. 

Soodntrie-Strap. — ^Thickness = to its width multiplied by '67 for cast 
iron. 

For brass multiply the width by '53. 

When the strap is iron lined with brass, the brass lining should be J of 
the thickness of strap in thickness. 

Soeentrio-Sod. — Diameter at slide-valve spindle-end = diameter of 
slide-valve spindle. 

Diameter at eccentric strap end = diameter of slide valve spindle multi- 
plied by 1*3. 

Faed-Piimp. Diameter = | diameter of cylinder when | stroke of 
piston ; and ^ diameter of cylinder when J stroke of piston. 

Wrought Iron CroM Kead, Fig. 2, for 4-slide bars. 

Diameter of recessed part of boss A = diameter of piston-rod multiplied 

by 175. 

Length ot recessed part of boss A = diameter of piston-rod multiplied 

by 1*2. 
Diameter of collar at end of boss B = diameter of piston-rod multiplied 

by a. 
Width of collar at end of boss B = diameter of piston-rod multiplied 

by '42. 
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Thickness of fork at the boss C = diameter of piston-rod moltiplied by '6. 

Thickness of fork below the boss D = diameter of piston-rod moltiplied 
by '42. 

Diameter of the boss of the fork C = diameter of cross-head pin molti- 
plied by 2. 

Diameter of cross-head pin £ = diameter of crank-pin moltiplied by 75. 

Width of fork F = diameter of cross-head pin moltiplied by 1*2. 

Length of cotter-hole in boss = diameter of piston-rod moltiplied by '8. 

Width of cotter-hole = diameter of piston-rod moltiplied by '22. 

Diameter of slideblock-pin = diameter of crosshead-pin moltiplied by 

75- 
Taper of hole in crosshead for piston-rod = ^ of an inch per foot. 

Slida Blodk. — ^Width of sliding sorface = diameter of piston-rod for 





Fig. s. 



Fifr 3. 



wrooght-iron slidebars ; and diameter of piston-rod moltiplied by 1*4 when 
the slide bars are cast-iron. 

Thickness of slideblock = diameter of slideblock-pin moltiplied by i'8. 

Length of sliding sorface = width of sliding sorface moltiplied by 3 or 4. 

Wxovglit-Xron Crossliead, Fig. 3. — For 2 slidebars, viz. one above 
and one below the crosshead, the slide-blocks being adjostable by lock- 
nots on the slideblock-pin. 

Width of slide sorface of slideblock = diameter of piston rod moltiplied 
by 2. 

Length of sliding sorface of slideblock = width of sliding sorface molti- 
plied by 4. 

From centre of the slideblock-pin to the centre of the crosshead-pin = 
diameter of crosshead-pin moltiplied by 2*5. From centre of the slideblock 
pin to the ootside of the collar on the end of the boss of crosshead = diameter 
of crosshead-pin moltiplied by 2*5. The proportions of the fork and cross- 
head pin may be foond by the same roles as the other crosshead given 
above. 

Ride Bars, 4 in nomber, viz. 2 on each side of crosshead. 
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Slide bars, width = to diameter of piston-rod when wrought-iron ; and 
when cast-iron, width = to diameter of piston-rod multiplied by i •4. 

Thickness = to width multiplied by '6 for wrought-iron, and by '4 for 
cast-iron when made with a rib in the centre. 
Depth of rib = width of bar multiplied by 7. 
Thickness of rib = | of the depth of rib. 

Diameter of bolts for slide-bar = width of slide-bar multiplied by '4. 
SHde-bam, 2 in number, viz. i above and i below the cross head. 
Width = diameter of piston-rod multiplied by 2. 
Connecting-rod with strap-end like Fig. 4. 

Thickness of strap at the end = diameter of bearing multiplied by •33. 

Thickness of strap at the 
side = diameter of bearing 
multiplied by '24. 

Thickness of strap at cot- 
ter-hole = diameter of bear- 
ing multiplied by "4. 

Width of strap = length of 
bearing multiplied by 7. 

Length of strap beyond 
cotter -hole = diameter of 
bearing multiplied by '54. 

Distance from end of brass 
bush to edge of cotter = dia- 
meter of bearing multiplied 
by -54. 

Thickness of brass bush at the end = diameter of bearing multiplied by 
•25. 

Thickness of brass bush at the side = thickness of brass bush at the end 
multiplied by 75. 
Width of gib and cotter at the centre = the diameter of the bearing. 
Thickness of gib and cotter = diameter of bearing multiplied by "22. 
Taper of cotter, ^ inch per foot. 

Depth and width of the clip of the gib, each = the thickness of the gib. 
Diameter of the connecting-rod at the small end = the diameter of piston- 
rod. 

Diameter of connecting-rod at the large end = the diameter of piston-rod 
multiplied by i'25. 

Diameter of connecting-rod at the centre = the diameter of large end 
plus -jV of an inch per foot of length of rod. 
Length of connecting-rod = twice the length of stroke. 
Connecting-rod with cap-end like Fig. 5. 

Cap Bolts. — The sectional area of each bolt to equal one-half the sec- 
tional area of the piston-rod. 
Thickness of cap = diameter of bearing multiplied by '5. 




Fig. 4. 
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Width of cap and rod-end ^ kngth of bearing multiplied by '7, 
Thickness of brass bush = diameter of bearing multiplied by 2. 
TlT-whesl. — Diameter = length of stroke in feet multiplied by 3^ to 4. 
Weight of Fly-wheei in cwts. = nominal horse-power multiplied by 3. 
Maximum safe velocity for cast iron = 80 feet per second, 
Bugino-lMd wliea mads Box-pattom, like the section of bed. Fig. 6. 
Full width across the top = diameter of cylinder multiplied by 2. 
Width of each side frame or box = diameter of cylinder multiplied by ■^. 
Width inside the two frames ^ diameter of cylinder. 
Thickness of metal = thickness of metal of the cylinder multiplied by -j. 
Depth of bed = diameter of cylinder multiplied by -5 lo 6. 
Weight of FcBTirtation tor ma Engin*. — In stone or brick = one ton 
per nominal horse-power, 





Ho ri ao i it*! Zigh-preMim Condoisiiig Engines.— The object of the 
condenser is to remove the pressure of the atmosphere which opposes the 
advance of the piston in the cylinder, so that all the work performed by the 
steam may be brought to bear effectually upon the piston, but there is 
always a back pressure of about 2 lbs. per square inch in the cylinder due 
to imperfect vacuum. In this class of engine, the condenser, with air- 
pump and hot-well combined in one casting, is usually fixed on the bed 
behind the cylinder, the piston-rod of which is continued through the back 
cyiinder-cover to work the air-pump. 

Diameter of single-actmg air-pump = diameter of cylinder multiplied 
by -6. 

Diameter of double-acting air-pump = diameter of cylinder multiplied 
by 3- 

Width of air-pump piston = diameter of air-pump multiplied by '3, 

Diameter of air-pump rod = diameter of air-pump divided by 8. 

Area of delivery and suet ion- valves = diameter of air-pump multiplied 
by 7- 

Capadty of condensor = the capacity of the ^r-pump. 

Diameter of injection-pipe = diameter of cylinder divided by 8. 
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Diameter of cold-water pump = diameter of cylinder multiplied by '3, 
when its stroke equals ^ the stroke of engine. 

Diameter of feed-pump = diameter of cylinder divided by 10 when its 
stroke equals one-half the stroke of the engine. 

Quantity of injection-water required per nominal horse-power in cubic 
feet per minute, equal temperature of the steam in degrees Fahr. multiplied 
by '00304 ; approximately 5 gallons are required per nominal horse-power 
per minute. 



ENGINE GOVERNORS. 

The Aotion of a GoTemor is controlled by two forces, viz., centrifugal 
force, or the tendency of the revolving balls to fly away from the spindle or 
vertical axis, and centripetal force, or the tendency of the balls to hang in a 
vertical line from the centre of the pin suspending the arm, due to the force 
of gravity. 

To find the centrifugal force of a governor in terms of the weight of the 
balls. Multiply the square of the number of revolutions per minute by the 
radius of the circle described by the centres of the balls in inches, and divide 
the product by the constant number 35,226. 

To find the centripetal force of a governor in terms of the weight of the 
balls. Divide the horizontal distance of the balls from the centre of the 
suspending pin, by the vertical height of the same centres. 

Ordinary Gavemors« Fig. 7. — ^The centre of the suspension of the 





Fig. 7. 



Fig. & 



arms should invariably be placed in the centre of the spindle, unless it be 
placed beyond it, as in Fig. 8 ; because it is essential for a governor to work 
ifrith the least possible variation in speed, and the placing of the point of 
suspension away from the centre of the spindle causes considerable varia- 
tion in velocity. The variation in velocity increases as the distance is in- 
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creased of the centre of the suspension-pin from the centre of the spindle. 
Although wrong in principle, the arms are frequently hung away from the 
centre of the spindle, as in Fig. 9 ; and in calculating such governors, the 
vertical height is to be taken from the plane line, P, to the top of the cone, 
T, instead of the actual centre of suspension. 

To find the power of a governor, multiply the weight of the balls in lbs, 
by the vertical height they are lifted. 

To find the vertical height y H, between the point of suspension and the 
plane of revolution, P, divide the constant number 187*5 ^7 ^^ number of 
revolutions of the governor, and square the quotient, which will give the 
height in inches. 

IMameter of Cast-iron Balls for Ordinary Govemors, B.— The 
weight of the balls must be sufficient to overcome the resistance of the valve 
and its connections. In ordinary cases the diameter of each ball may be 
equal to one half the height of plane line, H, in inches. 

length of Govemor Arms. — First determine the vertical height from 





Fig. 9. 



Fig. 10. 



the plane of revolutions to point of suspension of arm, H, Fig. 10 ; then set 
out the centre lines of the arms at an angle of 60^, as their position at the 
proper speed of the governor, and where the said centre lines of arms cut 
the plane line will be the centres of the balls, and the length of arm will be 
the distance between the centre of suspension and the centre of the ball 
thus found. The speed required to maintain the balls at that height is 
obtained by the following rule : — 

To find the speed of ordinary governors, divide the constant number, 
187*5, ^y ^^^ square root of the vertical height in inches between the plane 
of revolution and centre of suspension, and the quotient will be the number 
of revolutions per minute required to maintain the balls at that height. 

Governors are driven from the engine crank shaft by means of pulleys or 
gearing, and the diameter of pulley or number of teeth in the wheel to pro- 
duce the proper velocity may be found by the following rules : — 

To find the diameter of pulley (or number of teeth in the wheel) on the 
driving shaft of the governor. Multiply the number of revolutions of the 
engine per minute by the diameter of pulley (or number of teeth m the 
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wheel) on the engine crank shaft, and divide by the required number of 
revolutions per minute of the governor. 

To find the diameter of pulley (or number of teeth in the wheel) on the 
engine crank shaft. Multiply the diameter of pulley (or number of teeth in 
the wheel) on the governor driving shaft by the number of revolutions per 
minute of the governor, and divide by the number of revolutions per minute 
of the engine. 

Spring Goremor. — In small engines, the governor is often placed hori- 
zontally, the centrifugal force being balanced by a spring placed inside the 
governor on the spindle. The tension of the spring is regulated by nuts to 
suit the required speed. 

CrosB-armed Gotremor with Centre Weight, Fig. 8. — In this class 
of governor, the centre of suspension must be calculated from the point 
where the arms cross each other in the centre-line of the spindle, and the 
vertical height is the distance from that point to the plane of revolution. 
By crossing the arms in this way the governor becomes very sensitive; 
when the speed is increased, the point of intersection of the crossed arms 
rises at the same rate as the plane of revolution, and the governor balls will 
remain in equilibrium in every angular position at the proper speed of the 
governor. This kind of governor is run at a high speed ; the proportions 
may be calculated by the following rules for centre-weighted governors. 



ENGINE GOVERNORS WITH CENTRE-WEIGHT. 

GoTemor with Centre-weight, Fig. ii. — This form of governor 
requires to be driven at a high speed, so that- he centrifugal force of the 





Fig. IX. 



Fig. za. 



balls may overcome the gravity of the centre-weight. Its advantages over 
the ordinary governor are : its extreme sensitiveness, whereby uniformity of 
speed is maintained under varying and sudden changes of the load on 
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the engine ; and its great power, enabling a much smaller governor to be 
used. 

To find the ver/ical heigh/ irom the plane of revolution to the point of 
suspension of a governor with centre- weight. First, fix upon the number of 
revolutions, divide the constant number 187*5 ^7 ^^^ number of rcTolutions 
the balls will make when the engine is at its proper speed, and square the 
quotient, which will give the height in inches for an ordinary governor, H ; 
then add together the weight of the revolving balls and twice the 
weight of the centre-weight, which sum multiply by the height, H (found 
as for an ordinary governor), and divide the product by the sum of the 
weights of the revolving balls, the quotient will be the height of a centre- 
weighted governor. If the centre-weight is hung by links at a point in the 
arm above the centre of the balls, like Fig. 12, then use the above rule, but 
instead of twice the weight of the centre-weight named above, use the pro- 
duct of twice the weight of the centre-weight, multiplied by the result of the 
length between the centre of suspension of the arm and the point where the 
link is hung on to the arm, subtracted from the length between the centre of 
the ball and the centre of suspension of the arm. 

To find the weight of the centre-weight. Find the vertical height by the 
above rule, both for a centre-weighted governor and for an ordinary 
governor, both at the same speed, then multiply the weight of the two 
revolving balls by the vertical height thus found for the centre-weighted 
governor, and divide the product by the vertical height thus found for an 
ordinary governor, which will give twice the weight of the centre-weight 
plus the two revolving balls, then subtract the weight of the two balls from 
that result, and divide the remainder by two, which will give the weight of 
centre-weight required. 

The diameter of the revolving halls for governors like Fig. 1 1 should be 
equal to about |th of the vertical height from the plane of revolution to 
the centre of suspension of the arm. The speed of these governors is from 
200 to 300 revolutions per minute. 

Example of the rules for Centre-weighted Governors. — A governor 
like Fig. 11 revolves at 2 60 revolutions per minute, the weight of the balls 
is 3 lbs. each, the weight of the centre weight is 84 lbs, required the vertical 

height. ^-^ = 71, then 71 x 71 = -504, vertical height, then -5 (6 + 168) 

= 87, then -^ = 1 4* 5 inches, vertical height. Taking these particulars to 

87 
find the centre weight, then 14*5 x6 = 87 and -^ = 174, 174—6 = 168, 

■mtiQ 

ihen — -= 84 lbs., the weight of centre weight. 
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STEAM PRESSURE. 

of steam. — ^The pressure of steam is equal in all directions, 
therefore each square inch of surface exposed to its action must be equally 
capable of bearing the given pressure. The pressure is measured from that 
of the atmosphere, or 147 lbs. per square inch. 

E£FeetiT6 Pressure. — In a non-condensing engine the pressure of the 
steam is opposed by that of the atmosphere, therefore only pressures above 
that of the atmosphere are effective for work, and a deduction must also be 
made for the resistance due to back pressure, caused by the resistance of 
the exhaust passages, which may be reckoned at 2 lbs. per square inch. In 
a condensing engine the pressure of the steam is only opposed by a back 
pressure of about 2 lbs. per square inch, due to imperfect vacuum. 

The initial pressure of steam is its pressure when admitted to the 
cylinder. 

The final pressure of steam is its pressure when discharged from the 
cylinder. 

The mean pressure is the average pressure upon the piston through the 
whole stroke. 

The mean effective pressure is the mean pressure less the back pressure. 

The ratio of expansion is the proportion which the final volume bears to 
the initial volume of steam. 

The relative volume of steam is the volume of steam generated from a 
given volume of water divided by this volume. 

The absolute pressure of steam is the pressure of steam given by the 
steam-gauge plus the pressure of the atmosphere. 

To find the quantity of steam used by an engine, multiply the area of the 
cylinder in square feet by the speed of the piston in feet per minute, and 
divide the result by the nominal ratio of expansion. The result will be the 
number of cubic feet of boiler pressure steam consumed per minute, to 
which 10 per cent, must be added for the clearance of the cylinder and 
capacity of the steam passages. 

To find the pressure in lbs. per square inch of the steam at any point of 
the period of expansion, multiply the initial pressure by the distance moved 
by the piston when the steam is cut off, and divide the product by the dis- 
tance of the given point from the beginning of the stroke. 

To find the point to cut off the steam for a given actual ratio of expan- 
sion, add the clearance to the length of stroke and divide by the ratio of 
expansion ; from the quotient deduct the clearance, and the remainder will 
be the point of the stroke at which to cut off the steam. 

The temperature, weight, and relative volume of steam for various pres- 
sures are given at page 337. 
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LAP OF VALVE, ETC 

Lap of Valve necessary to cut the Steam o£F at a given part of 
the Stroke. — Rule: From the length of stroke in inches, deduct the 
distance in inches moved by the piston when the steam is cut off, divide 
the remainder by the stroke of the piston in inches, and extract the square 
root of the quotient, next multiply the result by half the stroke of the valve 
in inches, and deduct half the lead from the product, the remainder will 
be the required lap in inches. 

Point of Cut-off of Steam from a given Lap. — Rule : To the lap of 
the valve on the steam side in inches add one half the lead, then divide by 
half the travel of the valve in inches, and multiply the square of the quotient 
by the length of stroke of the piston in inches ; deduct the product from 
the length of stroke of the piston in inches, and the remainder will be the 
distance in inches the piston moves when the steam is cut off. 

Table i. — Hyperbolic Logarithms. 



Nnmber. 


Logarithm. 


Number. 


Logarithm. 


Number. 


Logarithm. 


;| 


•2231 


5i 


1-7047 


9i 


2-2773 


•4054 


5i 


1-7492 


10 


2-3026 


If 


'5596 , 


6 


I-7918 




2-3279 


2 


•6931 


t\ 


1-8325 


2-3513 


2i 

2\ 


'8109 1 


I-8718 


lOf 


2'3749 


'9162 


H 


1-9095 


II 


2-3979 


H 


i'oii6 


7. 


1*9459 


Hi 


2*4201 


3, 


1*0986 


72 


1-9810 


2*4430 


3s 


1-1787 


2'OI49 


H| 


2-4636 


1*2528 


l^ 


2-0477 


12 


2-4849 


si 


1-3217 


8 


2-0794 


121 


2-5262 


4 


1-3862 


1} 


2-II02 


13 


2-5649 


42 


1-4469 


2*1401 


14 


2-6391 


1-5040 


8i 


2-169I 


15 


2*7081 


4i 


1-5581 


9, 


2-1972 


16 


2*7726 


5. 


1*6094 


9f 
9t 


2-2246 


17 


2*8332 


5i 


1-6582 


2-2513 


18 


3*8904 



COMPOUND ENGINES. 

The steam in a compound engine, after driving the piston in one cylinder 
is exhausted into a second, and sometimes into a third cylinder, and acts 
on their pistons before being condensed in a condensing engine, or before 
being finally exhausted in a non-condensing engine. The saving of fuel 
effected by compounding is about 25 per cent. To obtain uniformity of 
rotative pressure upon the cranks they are placed at right angles. In a 
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compound engine, the area of the low pressure cylinder is calculated as if 
all the power were to be developed in that cylinder, which therefore requires 
to be of the same area as the cylinder of a simple engine of the same 
power. 

To find the Area of tlie Low-pressure Qylinder. — Rule : Multiply 
the number of horse-power the engine is required to indicate by 33,cxx), 
which will give the number of footpounds required per minute, divide this 
by the speed of the piston in feet per minute, and the result will be the 
total effective pressure on the piston at that speed to develop the given 
number of indicated horse-power; divide the quotient by the mean 
effective pressure per square inch on the piston, and the final quotient is 
the area in square inches of the low-pressure cylinder. 

The speed of the piston in compound engines is usually 420 feet per 
minute. 

The ratio of expansion is found by dividing the initial absolute pressure 
of the steam in the high-pressure cylinder by the final pressure in the low- 
pressure cylinder. 

Tlie mean efFeotiTe Pressure on the piston throughout the stroke is 
found thus. — Rule: To the hyperbolic logarithm of the total number of 
expansions add i , then divide by the total number of expansions, and multi- 
ply the quotient by the initial absolute pressure of the steam (that is the 
boiler pressure plus 1 5 lbs.) which will give the average pressure of the 
steam expanded the given number of times, from which deduct the back 
pressure, usually 3 lbs., and the result will be the mean effective pressure. 

To find the Area of the High pressure Qylinder. — Rule : Multiply 
the initial absolute pressure of the steam in the high pressure cylinder by 
•042, with which result, divide the area of the low pressure cylinder. In 
order to provide for the loss due to the fall in pressure of the steam in 
passing between the two cylinders, their areas found by the above rules 
should be increased to the extent of from 10 to 20 per cent. 

The steam should be cut off in the high pressure cylinder when the 
piston has moved '45 of its length of stroke, and in the low pressure cylinder 
at one half the length of stroke. The final pressure in the low pressure 
cylinder should be from 8 to 9 lbs. in theory, but in practice it is from 2 to 
3 lbs. more than that, and the lowest economical final pressure is from 10 
to 12 lbs. 

As an example of these rules. — Required the area of the cylinders for a 
compound engine to indicate 100 horse-power : speed of piston 420 feet 
per minute : boiler pressure 86 lbs. per square inch — then allowing 5 lbs. 
for loss of pressure between the boiler and the cylinder, the initial pressure 
in the high pressure cylinder will be 81 lbs., and the initial absolute pres- 
sure 81 + 15 = 96 lbs. — ^presuming the steam to be worked down to a 
final pressure of 12 lbs. — ^it will give 

96 initial absolute pressure in high pressure cylinder _ 8, ratio of ex- 
12 final pressure in low pressure cylinder "" pansion. 
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The hyperbolic logarithm of 8 is 2*0794 -f i = ^ ^^^^ = '3849 X 96= 

o 

36*95, the average pressure in lbs. per square inch of steam of 96 lbs. 

pressure expanded eight times, and if 3 lbs. be deducted for back pressure, 

it leaves 33*95 lbs. mean effective pressure per square inch ; then 

100 indicated horse-power required x ^^,000 « 

A c ' : ' I . ^^ = 7057*14 gross pressure on 

420 speed of piston m feet per mmute * j/ -r o r 

the piston at that speed: and ^ ^J ^f =: 2^1*34 

33*95 niean etiective pressure 

area in square inches of large cylinder, and 96 x -042 = 4*03, 
and ^^ *^ = 57*4 area of small cylinder, then if 20 per cent, be 

added to provide against loss by the pressure falling during the passage 
of the steam between the cylinders, the area of the low pressure cylinder 
will be 231*34 + 46*26 = 277*6 square inches, and the area of the 
high pressure cylinder will be 57*4 + 11*48 = 68*88 square inches, 
or i8| inches diameter for the large, and 9! inches diameter for the 
small cylinder, being a cylinder ratio of 4 to i, which agrees with the 
best modem practice for that pressure of steam. If the initial absolute 
pressure had been 75 lbs., the ratio of the areas of the cylinders would have 
been 75 x '042 = 3*15, and for 60 lbs. it would have been 60 x '042 = 
2*52; and for a high absolute pressure of 125 lbs, it would have been 
125 X '042 = 5-25. 



THE INDICATOR. 



The Indicator. — ^The action of steam in a cylinder can only be correctly 
ascertained by means of an indicator ; it shews the pressure of the steam at 
each point of the stroke, the power and performance of the engine, the 
amount of back pressure or force opposed to the motion of the piston, and 
enables any imperfections to be detected in the construction of the valve 
ports and steam passages. The best indicator is that known as Richards' 
Indicator.* 

Indicator Diagrams. — Supposing the indicator to be fixed to a cylinder, 
and that the drum is connected by means of a cord to some part of the 
engine, which has a motion co-incident with that of the piston, if the barrel 
be allowed to rotate before the indicator cock is opened, a horizontal line is 
traced, which is called the atmospheric line, and all portions of the diagram 
above that line, represent steam pressures and all portions below that line 
represent vacuum. 

If the indicator cock be opened at the beginning of the stroke, when 

* Richards' Indicator is made by Messrs. Elliot Brothers, 449, Strand, London, who 
sell Richards' work ou the Indicator, published by Longman & Co., to which the Author 
is indebted for some of the above information on Indicator Diagram.*. 
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Steam enters the engine cylinder, the pencil moves upwards and traces a 
vertical line, and as the piston moves forward the indicator barrel rotates 
and a horizontal line is traced until the steam is cut off; then, as the expand- 
ing steam increases in volume, it declines in pressure, which causes the 
pencil to gradually fall and describe a curved line until the exhaust port is 
opened, when the pencil immediately falls and describes the " toe " of the 
diagram. On the return stroke the pencil traces the bottom or exhaust line 
of the diagram until the closing of the exhaust port, when cushioning com- 
mences, then the pressure rises and moves the pencil up and completes the 
diagram. 

Theoretioal Indicator Diagram. — ^The rules for the expansion of 
steam are based upon the approximately correct law of gases, viz. that the 
pressure of gas varies inversely as the volume, or the product of the 
pressure and volume of a gas is always a constant, other conditions being 
unaltered ; and in order to ascertain the varying pressure and volume of 




Fig. X3. 



Steam during expansion, it is necessary to construct a theoretical diagram 
according to this law, the descending curve of which represents the de- 
creasing force of the steam as it expands in volume. This curve is called a 
hyperbolic curve, and is the standard by which the character of all expan- 
sion curves in indicator diagrams is determined. To draw the theoretical 
curve upon a diagram as shewn in Fig. 13, draw the line A F, representing 
the line of perfect vacuum, parallel with the atmospheric line, and at the 
proper distance below it to represent 147 lbs.; and perpendicular to the line 
A F draw A O, representing the clearance space ; draw the line C D, re- 
presenting the period of admission of the steam ; from the point D draw 
the vertical line D B ; draw the line D E ; from A to F represents the full 
length of stroke ; divide the distance D £ into a number of parts, from 
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which points draw diagonal lines to the point A; from the points where the 
diagonal lines cut the vertic:il line D B, draw horizontal lines; and the 
points where the vertical lines drawn from the points in the line D £ meet 
these horizontal lines, will be the points of the hyperbolic curve, which may 
be drawn in by hand. 

Indicator Diagrams^ Fig. 14. — ^The lines forming the outline of a 
diagram during one revolution of the engine are as follows : — 



A to B, The admission line. 

B to C, The steam line. 

C to D, The expansion curve. 



D to £, The exhaust line. 

E to F, The line of back pressure. 

F to A, The compression line. 



In Fig. 14, A is the point of pre-admission, the steam having been 



B. 



AUnosphericLitu^ 



Luu/ of perfect lucaum/ 

Fig. 14. 

admitted a little before the beginning of the steam stroke, due to the lead 
of the valve, to ensure having the full pressure of steam in the cylinder at 
the beginning of the stroke. 

Admisnon Idne, Fig. 14. — A to B is the admission line. This line is 
formed by the rise of pressure in the cylinder as the port is opened for the 
admission of steam ; the full pressure of the steam should come on to the 




Fig. xs- 




Fig. z6. 



piston at the beginning of the stroke, and the admission comer should be 
sharp. When it is rounded as at A in Fig. 15, or when it slants, as at B, 
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it shows that the steam is admitted too late and the momentum of the 
piston at the commencement of the stroke is imparted by the engine. To 
remedy this the valve requires more lead. When the valve has excessive 
lead, and steam enters too soon, it will produce a slanting line like C, Fig. 
16 ; to remedy this the valve requires less lead. 

Steam Una. — B to C, Fig. 14, is the steam line or period of admission of 
the steam. This line is formed by the advance of the piston while the port 
remains open for the admission of steam ; the full pressure of steam should 
be maintained in the cylinder during the whole period of admission, and the 
steam line should be straight and horizontal, or parallel with the atmo- 





Ft£. 17. 



Fig. xe. 



spheric line up to the point of cut off; when this line falls, like Din Fig. 17, 
the fall is due either to condensation in the cylinder, or to the ports and 
steam pipes being too small, which wiredraws and reduces the pressure of 
the steam. 

The Point of Cut OIF, Fig. 14. — C is the point of cut off or suppres- 
sion. As expansion does not properly commence until the port is closed, 
the action of the valve in cutting off the steam should be sharp and sudden, 
and the pressure should fall as little as possible during the closing of the 
port. The point of cut off should be sharp and clear. When this comer is 
rounded, like E in Fig. 1 8, it shows that the valve does not close quickly 
enough, and that the expansion arrangements are defective. When the 
steam is cut off slowly it causes a fall of pressure in the cylinder before the 
port is completely closed. When this comer shows a gradually descending 
line like F in Fig. 1 8, it shows that some steam has entered the cylinder 
after it was supposed to have been cut off. 

The Szpaiuiion Curve. — C to D, Fig. 14, is the expansion curve or 
period of expansion. In a condensing engine this curve is pardy above 
and partly below the atmospheric line, but in a non-condensing engine the 
whole of the curve is above the atmospheric line. This curve should 
approach as nearly as possible in form to that of the theoretical diagram, 
unless it be filled up by leaky valves, or diminished by steam leaking past 
the piston. When the cylinder is not properly protected, there will be 
great loss of heat from radiation, and fall of pressure during expansion, 
which will cause the expansion curve to fall below the theoretical curve. 
When the curve rises above the theoretical curve, it is generally due to 
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a leaky valve, owing either to the valve being defective in rigidity, which 
causes it to bend into the ports in passing over them, or to the valve 
being deficient in wearing surface. When the expansion curve rises above 
the theoretical curve towards the end of the stroke, it shows that the steam 
has been condensed at the beginning of the stroke, and evaporated by the 
walls of the cylinder towards the end of the stroke. 

Point of Pre-release. — ^D, Fig. 14, is the point of exhaust or pre- 
release, the exhaust port being opened before the end of the stroke. The 
pre-release should allow all the steam in the cylinder to escape before the 
piston arrives at the end of the stroke, so that during the return stroke the 
back pressure may be as low as possible. 

Szhanet Line. — D to £, Fig. 14, is the exhaust line. The full expan- 
sive force of the steam during the steam stroke, should be employed as 
nearly as possible to the end of the stroke, and then the steam should be 
discharged as rapidly as possible, so as not to hinder the return of the 
piston. When the exhaust pipe and exhaust passages are cramped, or 
when the exhaust is too late, all the steam cannot escape properly before 
the end of the return stroke, which will cause a bad exhaust line, and the 
expansion curve will be continued to the end of the diagram. The exhaust 





Fig. 19. Fig. ao, 

line will be shown slanting gradually downwards, as at G, Fig. 19, as the 
piston advances on its return stroke, instead of being horizontal. When 
the exhaust is too soon, the exhaust line will slope down, as shown at H, 
Fig. 20. 

Line of Back Pressure. — ^£ to F is the line of back pressure, or period 
of exhaust, during the return stroke. This line extends from the beginning 
of the return stroke to the point at which the exhaust port is closed. In a 
condensing engine the steam pressure will fall below the atmospheric line, 
but in a non-condensing engine the pressure cannot fall to the atmospheric 
line, because there is always an amount of back pressure, due to the force 
required to expel the exhaust steam through the exhaust passages and pipe 
against the resistance of the atmosphere. In a condensing engine, the 
deeper the line of back pressure measures from, and the more nearly 
parallel it is to, the atmospheric line, the better. In a non-condensing 
engine, the nearer and more parallel the line of back pressure is to the 
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atmospheric line the better, as back pressure not only means a loss of force, 
but it diminishes the efficiency of the engine. 

Point of Compression. — F, Fig. 14, is the point of compression. This 
line is fonned by the closing of the exhaust port at some point before the 
end of the return stroke. The advancing piston compresses the confined 
steam into the clearance space and passages, and provides a cushion which 
absorbs the momentum of the piston, and enables its motion to be reversed 
without shock. The rise of pressure is shown by the rising curve at F, 
and the portion of the stroke between F and A is the period of compression 

or cushioning. Excessive compression 
causes the confined steam to rise above 
its initial pressure before pre-admission 
commences, as shown by the loop at the 
admission corner in Fig. 21; consequently, 
when the port is opened, part of the con- 
fined steam flows from the cylinder into 
the steam chest, and the pressure is re- 
Fig. 31. duced and the steam line is lowered, as 

shown in Fig. 21. In slow nmning engines 
only a small amount of cushioning is necessary, but in lugh-speed engines 
the cushioning should be so adjusted that the confined steam is compressed 
up to its initial pressure. The compressed steam acts as an elastic spring, 
and gives out by its expansion the work expended in compressing it. The 
effect of compression is to fill the clearance space with compressed steam, 
and save steam being taken from the boiler for that purpose. 

Tlis Ziine of Perfect Va.canni. — ^This line cannot be drawn by the 
indicator ; it must be drawn by hand, parallel with the atmospheric line, 
and at the proper distance below it to represent, say, 147 lbs. per square 
inch, as the average pressure of the atmosphere, according to the scale of 
the diagram. In measuring the diagram of a condensing engine, the 
distance between the vacuum line of the diagram and the line of perfect 
vacuum, will show the quantity of uncondensed steam in the cylinder or 
the amount of back pressure due to imperfect vacuum, slightly varying 
according to the barometric pressure. The temperature of the condensed 
water is usually about 100° F., or i lb. pressure per square inch ; but the 
pressure of air in the condensor prevents the pressure from falling below 2 
lbs. per square inch. The usual final pressure is from 4 to 5 lbs. per 
square inch. 

The initial pressure of steam in a cylinder is always 4 or 5 lbs. less than 
the boiler pressure ; but when the fall of pressure is much more than this, 
it is due either to bends in the steam pipes, or to the steam pipes being too 
small, or to the steam ports being too contracted. 

To find the indicated horse-power of an engine from an indicator dia- 
gram. Divide the diagram at right angles to the atmospheric line into 10 
equal parts, take the breadth in the middle between the divisions with the 
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Bcale of the indicator, add them together, and divide by 10 (the nomber of 
divisions) — ^the result will be the mean or average pressure per square inch 
on the piston during the stroke ; then multiply the area of the cylinder in 
square inches by the mean pressure, and 
by the speed of the piston in feet per 
minute. The product divided by 33,000 
gives the indicated horse-power. 

The speed of the piston in feet per minute 
is found thus : — Multiply the length of stroke 
in feet by 2, and by the number of revolu- 
tions per minute. A deduction of 2 lbs. 
per square inch, from the gross diagram 
must be made for the friction of the engine 
alone ; but if the diagram is taken when 
the load is on the engine, an additional 
deduction must be made of 5 per cent, for 
friction. 

A constant may be found for any par- 
ticular engine, which, being multiplied by 
the mean pressure, will give the horse- 
power. To find the constant multiplier : 
multiply the area of the cylinder in square 
inches, by the speed of the piston in feet 
per minute, and divide the product by 
33,000. The quotient will give the number 
of horse-power which would be produced 
by I lb. of mean pressure. 

Example, — Required the power of the 
engine from which diagram. Fig. 22, was 
taken. Diameter of cylinder, 12 inches ; 
length of stroke, 2 feet ; number of revolutions, 80 per minute. The mean 
pressure according to the diagram is 32*2 lbs, from which deduct 2 lbs for 
the friction of the engine, leaving 30*2 lbs. pressure ; the area of the cylinder 

11^X30*2X2X2X80 . J. . J u 

inches: then — ^ — ■ = 33, mdicated horse power. 

33»ooo 




Fig. 92. 



is 113 



LOCOMOTIVE ENGINES. 

Tlie Adhesive Power of a locomotive depends upon the weight on the 
driving wheels, and is in ordinary weather about \ of the load on the 
driving wheels ; in goods engines the wheels are coupled, and the adhesive 
force is due to the weight resting on the coupled wheels. 
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Resistance of") j>i ^ di i^* 
train alone ) — "t" ^^q 



Train Besistances. — Mr. D. K. Clark's rules for the resistance on 
railways are as follows : — 
Resistance of engine, 7 -d _ o i V 

tender, and train . j "" 171 

R = total resistance of engine, tender and train in lbs. per ton gross ; 
R' = resistance of train alone in lbs. per ton ; V = speed in miles per 
hour. These rules are for a straight line of rails ; and one-half more is to 
be added for the resistance due to curves, imperfections of the road, and 
wind. 



Table 2. Resistance of Trains. 



speed in Miles per Hour. 
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40. 
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60. 


70 miles. 
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Tender, and Train . . 


12*2 


13 


14 


i5'5 
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55 lbs. 
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lbs. per Ton of the 




















Train alone . 


9-15 


9*6 


10*5 


11-4 


I4'6 


19 


24 


31-5 


36*6 lbs. 



It requires a force of about 7 lbs. per ton, to keep wagons moving on a 
level line of rails, at a very slow speed after they are started. 

The Tractive Power of a locomotive engine is found thus: J^uie: 
Multiply the square of the diameter in inches of one cylinder, by the 
length of stroke in inches, and divide the product by the diameter in inches 
of the driving wheel. The quotient will be the tractive force in pounds, 
for each pound of effective pressure per square inch on the piston ; and 
this quotient multiplied by the effective mean pressure in the cylinder, will 
give the full tractive force in pounds exerted by the engine. 

ne maximum boiler pressure of locomotives is about 140 lbs. per 
square inch, but the mean effective pressure is much less, owing to working 
the steam expansively. The maximum pressure averages three-fourths of 
the boiler pressure. 

To find the resistance in lbs. per ton of the train due to gravity, on an 
incline. Rule: Divide 2240 by the rate of the gradient. 

To find the resistance in lbs- per ton due to the velocity of the engine, 
tender, and train. Rule : Square the speed of the train in miles per hour, 
and divide the result by 171 and add 8 to the quotient. To the sum, add 
50 per cent, for resistance due to curves, imperfections of the road, and 
wind. 

To find the load the engine can take, in tons, including the weight of the 
wagons, but not that of the engine and tender. Rule : Add together the 
resistance due to gravity, and the resistance due to velocity, with which 
result divide the tractive force, and from the quotient subtract the weight of 
the engine and tender in tons. 
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As an example of these rules, required the load which a locomotive 
engine with cylinders 17 inches diameter and 24 inches length of stroke, 
w ith a driving wheel 5 feet diameter, will take on an incline of i in 70 at 
the speed of 20 miles per hour, boiler pressure 140 lbs. per square inch, 
weight of engine and tender 55 tons. The tractive force which the engine 

is capable of exerting is ' , = 115*6 lbs. for each lb. of effective 

pressure per square inch on the pistons. The boiler pressure of 140 gives 
140 X J = 105 lbs. effective pressure, which multiplied by the tractive 
force in lbs. = 105 x 115-6 gives 12,138 lbs. as the total tractive force 
exerted by that engine. 

The resistance due to gravity is ^. — = 32 lbs. per ton. 

^ -^ 70 gradient ^ ^ 

20 X 20 
The resistance due to the velocity is + 8 = 10*34 lbs., and 

with 50 per cent, added, gives i5'5i lbs. per ton. 

The load which the engine will take will be ^ 55 = 200 tons, 

32 + 15-51 ^-^ 

and taking 8 tons as the average gross weight of each wagon, the train would 

consist of-^ = 25 loaded wagons. 

The total weight of the engine y tender and train is 255 tons, and 

the resistances due to velocity and gravity are 32 + 15*51 = 47*5 1 ^^^ 

per ton, or 255 x 47*51 = 12115 lbs. for the train, the train moves 

20 m. X 1760 yds. X 3 ft. ,^/i^t .. . , A 12115 X 1760 

z— ^— -^. '• — = 17^0 'cet m one mmute, and ^ '■- — 

60 mmutes 33000 

= 646 indicated horse-power. 

The coal burnt per indicated horse-power would be 2^ lbs. per hour, then 

_i — ^i-li = 80 lbs. of coal per mile, or 80 x 20 = 1600 lbs. of coal burnt 
20 miles 

per hour. 

The evaporation would be 9 lbs. of water per lb. of coal, and it would 

1600 X Q lbs. 11 r . i_ 

require — n: — n — = ^440 gallons of water per hour. 

^ 10 lbs. per gallon ° ^ 

The number of revolutions of the driving wheel would be 

20 X 17 o 3_^ _ 112 per minute; for each revolution of the wheel 

60 X 5 feet X 3*1416 

the piston moves twice the length of the stroke, and the speed of the piston 
would be 2 feet stroke x 2 x 112 revolutions = 448 feet per minute. 
The total power iht 2hoyt locomotive engine is capable of developing at 
that speed and pressure js. '7 diam. of cylinder x 17 diam. of cylinder 

X 7854 X 2 cylinders x 105 lbs, pressure x 448 ft. speed of piston 

33>ooo 
= 647 horse-power. 
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LocomotiTe Engine Spedflcationfl. — ^The specifications given in the 
following pages are for probably the best engines of their class — ^both goods 
and passenger locomotive engines. 

SPECIFICATION FOR GOODS ENGINES, LANCASHIRE AND 

YORKSHIRE RAILWAY. 

Designed by Mr. W. Barton Wright, Locomotive Superintendent of the 

Line, 

The Engines must be made to the dimensions given in the following 
specification, and exacdy to the drawings supplied by the company's loco- 
motive superintendent ; any alteration or proposed deviation from the draw- 
ings furnished must be first submitted to the locomotive superintendent, and 
his sanction obtained in writing before it is carried out The materials to 
be of the make specified in each case, and where no instructions are given, 
the workmanship and materials must be the very best of their respective 
kinds. No advantage whatever is to be taken of any omission of details 
or discrepancies that may occur in the drawings or specification, as the 
contractor may obtain full information about any part of the work that is 
not sufficiently explained. The engines must be finished in every respect 
in the most complete manner, and to the entire satisfaction of the company's 
locomotive superintendent, who shall be at liberty to inspect, either person- 
ally or by deputy, the work during its progress, and to reject any defective 
or unsuitable materials or workmanship. The contractor is to pay all 
royalties, and to be liable for all claims in respect of patent rights for any 
article qr part supplied under this contract, or required for its due perform- 
ance. It must be clearly understood that the prices named in the tender 
are to include everything required to be done by the conditions of contract 
and specification, or by any drawings therein referred to, and also all such 
work as is manifestly necessary to the proper completion of the contract, 
though special mention thereof may have been omitted in the specification 
or drawings. The contractor shall pay all costs attendant on any tests 
which the company's locomotive superintendent or his deputy shall require 
to be made. In case of any dispute arising, either during the progress of 
the work or at its termination, the decision of the company's locomotive 
superintendent is to be taken as final, and binding in every respect. The 
engines are to be delivered by the builders free of charge to the Lancashire 
and Yorkshire Railway Company, at Miles Platting, Manchester, fit and 
ready for work in every respect ; and prior to payment each engine will be 
required to run 3000 miles consecutively, without showing any defects in 
material or workmanship, and the builders will be held responsible for all 
such defects that may appear — accidents being excepted, imtil they have 
run that distance. 

Drawings and Photographs. — ^The contractor is to furnish with the 
fifth engine two complete sets of detail and general drawings of the en- 
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gines, exactly as made, on tracing cloth of double elephant size ; also twelve 
large mounted photographs, showing the engines exactly as finished. The 
cost of these drawings and photographs is to be included in the amount of 
the tender. 

Qnality of Xaterials. — Iron : In all cases where " Best Yorkshire 
iron " is specified, it must be wrought iron of the manufacture of either 
Lowmoor, Bowling, Famley Best Iron, Monkbrid,o:e, S. T. Cooper and Co., 
or Taylor and Co., and will be subject to being tested. The brand of the 
manufacturer must be placed, wherever possible, so as to be seen when 
finished. Brass: Where " brass " is specified it must be of good tough 
metal. Gun-metal : Gun-metal must be composed of copper 5 parts, tin 
I part. White metal: White metal must be composed of tin 16 parts, 
antimony 2 parts, copper i^ parts. Other materials to be obtained of the 
manufacture specified under the respective heads, unless the consent of the 
compan/s locomotive superintendent be obtained to an alteration. 

Boiler. — Boiler dome, smoke-box tube plate, and fire-box shell, with all 
angle irons, rivets, and stays, to be made of Lowmoor iron in sixteen en- 
gines ; of Bowling iron in sixteen engines ; and the remainder of one of 
the other firms before specified. Barrel to be telescopic as shown, and to be 
made of three plates. Transverse joints to be single riveted ; longitudinal 
seams to be butt-jointed with inside and outside joint strips, and these 
seams to be placed on each side of centre line of boiler at the top. Seam 
joining barrel to fire-box shell to be zigzag riveted. The joint of the 
middle and dome plate to be welded, and the thickness of this part to be 
kept full the strength of the plate. A strengthening ring ^ inch thick to be 
riveted to the inside of the middle barrel, as per detail drawing. Hole for 
dome to be 1 9 inches only. 

8m6k»-boz Tubeplate. — Smoke-box tubeplate to be secured to boiler 
barrel by a continuous weldless ring of mild Siemens-Martin angle steel, 
well annealed, manufactured by Messrs. John Spencer and Sons, of 
Newcastle-upon-Tyne, or Vicars and Sons, SheflSeld. To be faced, bored, 
and turned to section shown on drawings, and shrunk on to the barrel and 
double riveted. Two per cent, of these rings to be tested before leaving 
the steel works by the company's inspector. 

Dome. — ^Dome to be in one plate, welded at the seams and flanged top 
and bottom, and to be fitted with a wrought iron cover. Flanges of dome 
and cover must be i^ced, so that a perfectly steam-tight joint can be 
made. 

Fire-boz Shell. — ^The side and top to be made in one plate. The 
front or throat-plate of fire-box shell to be flanged forward and double 
riveted to boiler. The back plate to be flanged to 6 inch radius outside, 
and single riveted to sides and top ; the upper part to be stayed by a heavy 
T-girder of best Yorkshire iron, double riveted to the inside of the plate as 
per detail drawing. A similar stay to be fixed to inside of smoke-box tube- 
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plate, no gussets or longitudinal stays being used. Palm stays to copper 
box, and other stays were shown on drawing. All iron used in any part of 
barrel or fire-box shell must be best Yorkshire. 

Kanhole. — ^A wrought iron manhole, flanged top and bottom, to be 
double riveted to the centre of the fire-box top ; to be fitted with a wrought 
iron cover-plate if inches thick, on which will be mounted the safety valves. 
Cover-plate and top flange of manhole to be accurately faced, so that a 
perfectly steam-tight joint can be made. 

Fire-liola Bi2ig. — Fire-hole ring of best Yorkshire iron 2| inches by 
2| inches. 

Foimdation Bi2ig. — Foundation ring to be 4^ inches deep by 2^ inches 
thick struck to 5^ inches radius outside at the comers, at which parts 
the side and end plates are continued the full depth to allow of double 
riveting. 

Wash-oat Door and Xud Plugs. — A heavy cast iron seat and wash- 
out door to be riveted to underside of boiler barrel, 16 inches in front of 
fire-box shell. Hole 5 inches diameter, and lid to be made with coned 
joint as per detail drawing. Thirteen brass taper mud-plugs to be placed 
for purposes of washing out, viz., three on fire-box front, and three on fire- 
box back, above bottom ring. Two on fire-box back above copper-box 
roof, one on each side of fire-box shell, and three on smoke-box tube-plate, 
as shown on drawings. 

Workmansliip. — ^All rivets must completely fill the holes, which must 
be slightly countersunk under the rivet heads, and so punched that when 
the plates are in a proper position for riveting, the smaller diameters of the 
holes meet at the centre of the joint. All holes in the plates or angle-irons, 
&c., must be perfectly fair with each other, and no drifting will be allowed 
on any consideration whatever. Should any of the holes not come perfectly 
fair with each other they must be carefully rimered until they become so ; 
care must be taken that, after rimering, the rivets completely fill the holes. 
All the plates to be brought well together before any rivets are put in. 
Outside edges of holes to be slightly countersunk, and all burs carefully 
filed off. Holes in the angle iron must be marked off from the plates and 
drilled, not punched. Pitch of rivets and lap of plates to be made to de- 
tailed drawing. Edges of all the plates to be planed, turned, or shaped to 
an angle of i in 8 before being put together, so as to have a full edge for 
caulking, which must be done with a broad-faced fuller,so as not to injure 

the plates. 

Testixig. — ^The boiler before bemg lagged is to be tested by the con- 
tractor in the presence of the company's locomotive superintendent or his 
deputy, to a pressure of 200 lbs. per square inch with water, and afterwards 
to 150 lbs. with steam, and it must be perfectly tight under these pressures. 
To receive a coat of boiled oil while hot. All fitting and studs must be 
fixed complete before the boilers are tested with water or steam pressure. 
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Dimensions. 

ft. in. 

Centre of boiler from rails 6 8 

Length of barrel between plates 103 

Diameter of barrel outside at fire-box end .44 

Thickness of plates o o| 

Thickness of smoke-box tube plate o oj- 

Length of fire-box shell outside 60 

Breadth outside at bottom . . ...41 
Depth from c. line at front 411 

>» ft It DacK . , '33 

Thickness of throat plate o of 

„ sides, back, and roof o o| 

Distance apart of copper stays 04 

Diameter o o| 

Number of threads per inch, 1 1 

Inside Fire-boz. — Copper fire-box and stays to be of the very best 
quality, and obtained from Messrs. Pascoe Grenfell and Co. ; Vivian and 
Co. ; Bibby, Son, and Co. ; or other approved maker. To bear the test of 
being doubled cold without showing any signs of cracking. Three brass 
plugs, with fusible centres, to be inserted in crown of fire-box. The copper 
stays to be screwed tightly into the fire-box and shell plates, the thread 
being turned ofF the portion of the stay between the plates. Great care to 
be taken in cutting off the ends not to injure the threads. Heads of the 
stays to be larger on inside of box. Crown and sides of fire-box to be in 
one plate, and the tube plate to be widened out, forming a pocket on side 
plates, to allow a wide spacing of tubes. To be riveted together with 
W in. best Yorkshire iron rivets — see drawings. The roof to be stayed 
with eight girder stays of " best Yorkshire iron," as shown on drawing. 
Fire bars of cast iron, as shown on drawing. 

Dimensions. 

ft. in. 

Length of copper fire-box outside (top) . . • 5 2 J 

Breadth „ „ „ „ .... 3 9 

„ (bottom) . .37 

Depth at front end 5 7 J 

back „ 3 I if 

Thickness of sides and top 00^ 

back . ..... o of 

tube plate 01 

below tubes tapering down to . o o| 



it 



Tubes. — ^To be lap-welded iron tubes, with 6 inches of solid copper 

brazed on to the fire-box end, the part passing through the copper tube 

D 2 
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plate being rolled down to a smaller diameter ; manufactured and brazed 
by the Imperial Tube Company, Smethwick, near Birmingham. To be 
expanded by a Dudgeon's Tube Expander, beaded over, as shown on 
drawings, by a Selkirk's or Brisse's tube beader, and fixed with ferrules at 
fire-box end only. At smoke-box end to stand through plate j inch, and 
be rolled out by a Dudgeon's tube expander. 

Dimensions. 

ft. in. 

Number of tubes — 194 spaced in vertical rows. 

Length „ ........ 10 loj 

Diameter outside . oil 

„ at fire-box end for a length of i^ inch only . o if 
Thickness 13 B. W. G. 



Fermles. — Ferrules to be made from weldless steel tubing to be obtained 
from the " Weldless Steel Tube Co.," Birmingham. 

Fir* Door and Deflector. — ^A casting to be fixed both inside and out- 
side round fire-hole ring, the two to be firmly bolted together. A wrought 
iron plate to be hinged on the bottom to outside frame and a cast iron 
deflector hinged to top of inside casting and worked from the outside by a 
lever, as shown on drawings. 

Brlok Aroli. — Fire-box to be fitted with a brick arch, supported by two 
iron bars 2| inches by i inch thick, to be fastened with studs on side of 
re-box. 

8moke-bex« — ^The smoke-box front to be made in one plate ; all the 
plates to be specially clean and smooth and well ground over. All rivets 
countersunk and filed off flush. To be fitted with a spark arrester. The 
door to be circular and to fit into a recess, bedding on edge of an angle 
iron ring 2J inches by 2J inches by ^ inch thick. The cross-bar to be 
made to lift out. Double handle and gripping screw to be provided, as 
shown. The tube plate to be flanged forward to smoke-box, and the front 
plate to extend onwards across ends of leading sand boxes. 

Dimensions. 

Radius of smoke-box outside .... 
Thickness of plates 

door ....... 

liner plate 

Size of angle iron 

Diameter of rivets 

Pitch of rivets 

Chimney. — ^The chimney to be of best Staffordshire iron, 1^ inch thick. 






ft. 


in. 


2 


5l 





of 





o* 





oi 





2i 





of 





3 
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butt jointed with rivets countersunk on outside. To have a cast iron top 
neatly finished. Height from rail to top of chimney to be 1 3 feet. 

Aah-pan. — Fitted ^ith one movable door worked from the foot-plate, 
and arranged to contain water supplied by a tap on injector suction pipe 
worked from foot-plate. Sides and door of ash-pan to be made of ^ inch 
plate, and bottom of |- inch plate. 

Safioty Valves. — ^Two 3-inch Ramsbottom*s, placed on seating on centre 
of fire-box shell. Adjusted to blow oif at 140 lbs. per square inch. 

Regulator. — ^To be of cast iron; the upper portion being removable 
and attached to the lower by a flange joint. The main valve to be of brass, 
and to have an easing slide of brass working on the back, making it equili- 
brium. The internal steam pipe to be of copper, and the end in regulator 
to have a copper cone. 

Steam Pipe. — The smoke-box steam pipe to be also of copper, and the 
connection at the top of the T-pipe, and at the bottom to the cylinders, to 
be also made of coned copper ; ends brazed on and held in place with 
wrought iron loose gland flanges and two bolts with brass close-ended nuts 
as shown. 



Dimensions. 



in. 



Diameter inside of internal steam pipe • 4i 

„ „ smoke-box steam pipe • • 4 

Thickness of each 7 w.g. 

Best brazed pipes. 

XSzhaiuit Pipe. — Of cast iron, with loose top bored to 4^ inches diameter, 
and made with separate branch at base to each cylinder ; fixed by four 
studs only, with brass cover-ended nuts. 

Cylinders. — ^To be of the best close-grained, tough, cold-blast cast iron, 
as hard as can be worked, and perfectly free from honey-comb or other 
defects. They must be accurately bored and bell-mouthed as shown on 
drawings. All joints and surfaces to be planed or turned, and scraped to 
a true surface, so that perfectly steam-tight joints can be obtained. Centre 
line of ports to be raised i^ inch to give greater area for exhaust, as per 
drawings. Top of cylinder castings to be protected by fireclay and bricks, 
and bottom covered with | inch plate. 

Dimensions. 

ft in. 

Inside diameter of cylinders i 5a 

Stroke of piston 22 

Steam port, 15 inches by ij inch. 
Exhaust port, 15 inches by 3 inches. 

Centre to centre of cylinders 24 

„ „ valve spindles 03! 
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Glands. — ^The piston rod glands must be in halves, notched one into the 
other, and made removable while rod is in place. The leading end of valve 
spindle glands to be solid, and the two cast in one piece. 

Lnbricatom. — One of Dewrance's patent piston lubricators to be fixed 
on smoke-box side, delivering into steam pipe, and two of Dewrance's patent 
window lubricators, viz., one connected to boss on centre of each cylinder, 
as per drawing. 

Pitftoiui. — ^To be of good, tough cast iron, made from cylinder metal, 
and to be sound and free from all defects. Fitted with two cast iron rings 
sprung into their places. 

Piston-rocLi and CroBslieads. — Solid with crosshead, and made of the 
very best mild crucible cast steel, well annealed, manufactured by Messrs. 
Vickers, or J. Spencer and Sons, of Newcastle-upon-Tyne. Ends steeply 
coned, and secured by brass nut and cotter, as shown on drawing. At the 
crosshead end the gudgeon must be of wrought iron, case hardened, and 
be forced into place by screw or hydraulic pressure. 

Dimensions. 



in. 



Width of pistons 4 

Diameter of rod 2 J 

gudgeon ....... 3 

gudgeon ends . * . . . . if 



if 



Side-blocki. — ^To be of good sound cast iron — chilled — perfectly free 
from all defects. Surface of slide blocks, 14 in. by 2f in. 

Slide-bam. — Of the very best mild crucible cast steel, manufactured by 
Vickers and Co., or J. Spencer, of Newcastle-upon-Tyne. Section of slide 
bars 2} in. by 2 in. 

fllide-TalTWi. — Slide valves to be of best gun-metal, of form shown on 
drawings. 

Dimensions. 

IB. 

Lap outside of valve i 

Lead in full gear ^ 

81ida-TalT« Spindles. — Slide-valve spindles to be made of best York- 
shire iron, as per drawings. 

▼alTe-motum and Berersing Gear. — ^AU motion work of ''Best 
Yorkshire Iron," and all working surfaces to be well case-hardened, and 
finished in the best manner. Expansion links to be lifted from the top, the 
weigh shaft being placed below, and worked by a screw reversing gear, 
fixed on left-hand trailing splasher, and made to drawings. Reversing 
screw and nut to be of steel ; all motion pins to be of " Best Yorkshire Iron," 
well case-hardened and accurately fitted. 

Yalve-epindle Cenneeting Boda and Chiidea.— The valve-spindle 
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connecting rods to be circular on wearing surfaces, and the guides to be of 
gun-metal, lined with white metal. 

Excentrics. — Excentric tumblers to be cast, the two halves in one. 
Excentric straps of " Best Iron " with white metal liners. Ends of excen- 
tric rods to be furnished with butt-ends for adjustment, as shown on 
drawings. 

Dimensions. 

ft. in. 

Diameter of excentrics 14 

Breadth of „ o 2| 

Throw of „ o 6J 

Radius of expansion links 48 

Thickness of „ o 2| 

Centre to centre of pins of expansion links ..15 

Diameter of pins o i^ 

Diameter of reversing shaft at centre . • • o 3a 

„ „ „ bearings . . .03 

Diameter of valve spindle connecting rod guide . • • o 3 J 
Length of valve spindle connecting rod guide .10 

Coimaoting-rocLi. — ^To be of Best Yorkshire iron, forged without weld. 
Brasses of gun-metal lined with white metal at the large end, and brasses 
of gun-metal, adjusted by wedge and screw at the small end, as shown on 
drawings. Both ends to be supplied with buttons in oil cups. 



Dimensions. 

Length of connecting rod, centre to centre 

Diameter of large end bearing 

Width „ „ ..... 

Diameter of small end bearing o 

Width „ „ 

Section of rod at large end 

„ ,, small end ...... 

Thickness of swelled part at large end 

small end .... 



t> i> 



ft 


in. 


6 


2 





7J 





3H 





3 





3 bare. 





4ibyi| 





3ibyif 





'i 





3 bare 



Coupling-rodfl and Crank-piiui. — Coupling rods of Best Yorkshire 
iron, forged without weld, and centre coupling case-hardened. Crank pins 
of best mild crucible cast steel, manufactured by Vickers and Sons, or 
John Spencer and Sons, Newcastle-upon-Tyne. Bushes of solid brass, 
lined with white metal, as shown on drawings, and forced into rods by 
hydraulic pressure. Oil cups to be supplied with buttons. 
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Dimensions. 

ft. in. 

Diameter of leading and trailing crank pins . o 3^ 

Width „ „ „ o 4f 

Diameter of driving crank pin .04 

Width „ „ ... ..04! 

Diameter of pin in wheel boss . • o 4I (taper i in looj 

Length „ ,, . . o 6f (finished) 

Diameter of joint pin o 2 J 

Centre of leading to centre of driving crank pin 7 3 
driving „ trailing „ 7 9 

Axles. — Straight axles for the first twelve engines to be of the best 
mild crucible cast steel, manufactured by Vickers and Sons only, and those 
for the remaining engines of the best Bessemer steel, manufactured by 
Cammell and Co. ; Brown, Bayley, and Dixon ; or the Bolton Iron and 
Steel Co. ; all turned accurately to gauges. Two per cent, of the axles to 
be tested by the company's inspector before leaving the steel works. 

Straight Axles. 

ft. in. 

Diameter in the middle • . . o 6J 

„ of journals o 7a 

Length ,, .......07 

Diameter of wheel-seat (to be made parallel) . . o 8| 

Length ,, ...... o y-^ 

Centre to centre of journals 3 1I2 

Crank Axles. — ^The crank axles for the first twelve engines to be of the 
best mild crucible cast steel, manufactured by Vickers and Sons only ; those 
for the remaining engines of the best Bessemer steel, manufactured by 
Cammell and Co., or the Bolton Iron and Steel Company, and turned 
accurately to gauges ; the right-hand crank to lead. The axles to be 
annealed after the sweeps have been slotted out, and to be tested in the 
presence of the company's inspector before leaving the steel works. For 
specification of tests apply to the locomotive superintendent. 

Dimensions. 
Crank Axles. 

ft. in. 

Diameter in the middle 07 

„ of crank pin journal 072 

Width of „ „ ....04 

Diameter of journal o 7i 

Length of „ .•••••07 
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ft. in. 

Diameter of wheel seat (to be made parallel) . . o 8| 

Length of „ ...... o j-^g 

Centre to centre of cranks ... ..24 

„ „ journals . . 3 i^i 

Throw of cranks 11 

Section of inside crank arm o 1 1 x 4I in. 

„ outside „ o 1 1 X 4 J in. 

Axle-boxes. — Made of gun-metal, with bearing surfaces of white metal, 
and fitted with lubricating pad and trough, as shown by drawing. 

Homblocks. — Of crucible cast steel, horseshoe form, manufactured by 
Vickers and Sons, Cammell and Co., or J. Spencer and Sons, of Newcastle- 
upon-Tyne. 

Wheels. — ^The best description of wrought iron solid bossed wheels, 

with balance weights forged in, as shown in drawings. Heads of spokes to 

be forged solid. To be pressed on the axles with hydraulic pressure of 

about 85 tons. 

Dimensions. 

ft. in. 



Diameter outside rim of wheel . 


. 4 





Width of rim 


. 


4i 


Thickness of rim 


. 


li 


Diameter of wheel boss .... 


. I 


3i 


„ wheel seat (to be made parallel) . 


. 


8i 


Length of „ 


. 


7 


Throw of crank pins .... 


. 


10 


Diameter of hole for crank pins 


. 


4^(taperiinioo) 


Number of spokes, 13. 






Section of „ at large end 


. 


3i by i| 


„ „ at small end . 





3f by li 



I. — ^The tires for the first twelve engines to be of the best crucible 
cast steel, manufactured by Vickers and Sons only ; the remainder to be of 
the best Bessemer steel, manufactured by Cammell and Co., or Brown, 
Bayley, and Dixon, and to be stamped with the name of the maker. Two per 
cent, of the tires to be tested, before leaving the steel works, by the com- 
pany's inspector. For specification of tests apply to the locomotive super- 
intendent. Tu-es to be of the section shown on drawings, and fixed to 
wheels by tire fastening, as shown. 



in. 



Dimensions. 

ft. 
Diameter of tire on tread (when finished) . . .46 

Thickness of „ „ „ ....03 

Width o s\ 

Distance between tires 4 Sf 
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Frames. — ^To be of good tough fibrous Yorkshire iron, frame plate 
quality, and to be obtained from Messrs. Cammell and Co., or Sir John 
Brown and Co., to be planed over entire surface on inside and outside, and 
finished i inch full thick. All frames marked and drilled from one tem- 
plate. All cross-stays and attachments to be planed where they abut on 
frames. When the frames and cylinders, Ac, are bolted together, the 
accuracy of all work must be tested by diagonal, transverse, and longi- 
tudinal measurements. 

Dimensions. 

ft. in. 

Between frames 42 

Total length of frame 24 10 

Depth above leading horns 14 

„ driving „ 15 

„ trailing „ i 4| 

Buffer beam to leading axle 57 

Leading axle to drivmg „ 73 

Driving „ to trailing „ 79 

Total wheel base 150 

Xotioii-plata. — ^To be of wrought iron i inch in thickness, with angle 
iron stiffeners as shown on drawings. 

Ontfdde FrameB and BiiiFer-b6aiiui.-^A long angle iron frame, 
4I inches by 2^ inches by i inch, to extend on each side of the engine 
full length of platform, on front curved downwards full depth of buffer 
beam, and at back welded to plate forming footsteps, as shown on draw- 
ings; buffer beams of wrought iron plate, at the leading end stiffened 
by a heavy angle iron girder in the centre, and plate gussets behind 
buffers. 

Dimensions. 

Width over angle frames . . • . 

„ foot plate . .... 

Thickness of „ .... 

„ leading buffer beam 

„ trailing ,, .... 



ft. 


m. 


• 7 


4 


• 7 


6 





of 





li 


. 


oi 



I. — ^To be Turton's patent wrought iron buffer, B3 pattern, manu- 
factured by Messrs. Ibbotson Brothers and Co., as per drawing. 

Springs. — To be made of the best Swedish spring steel, and to be manu- 
factured by Messrs. John Spencer and Sons, of Newcastle-upon-Tyne. Each 
spring must be thoroughly tested before being put into its place by being 
weighted until the camber has been taken off, and on the removal of the 
weight the spring must resume its original form. 
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Dimensions. 

ft. in. 

Length of leading springs (loaded) . . . • 3 i 

Camber ,, ,, ,, .....03 

Breadth „ „ ,,.....04^ 

Thickness — ^twelve plates, J inch full thick. 
Length of driving and trailing springs (loaded) . ..36 
Camber ,, ,, ,,.....03 

Breadth „ ,, ,, 04^ 

Thickness — twelve plates, \ inch full thick. 

Brawhook. — ^Drawhook to be provided with screw shackle, and to be 
mounted with a Timmis's spring, as shown on drawing. 

Zi^ectoni. — ^To be two in number, of brass, Sheward and Gresham's 
patent, class G, No. 8 size, to be placed under foot-plate and delivering 
into brass clack-boxes on back plate of fire-box casing. The clack-boxes 
to be provided with screw cone stop-valve, so as to allow for removal of 
pipes when boiler is in steam — see drawings. The right-hand injector 
must be provided with an overflow valve, closed by gear from the foot- 
plate, to allow for warming through to tender. All pipes to be seamless 
copper. 

Brake. — ^The engine to be fitted with a vacuum-brake, consisting of a 

30 mm. ejector, Gresham and Craven's patent ; one starting valve, fitted 
with sector and handle to regulate the admission of steam ; one asbestos- 
packed cock, one vacuum gauge, one release valve, two 15 inch Hardy 
sacks; the whole of which, including all wrought iron piping, elbows, 
couplings, &c,, for the above, are to be obtained by the contractor from the 
Vacuum Brake Company. All copper piping to be furnished by the con- 
tractor. The ejector to be fixed to the inside of cab, and connected by a 
copper pipe to the starting valve, which is mounted on the asbestos-packed 
cock, the latter being fixed on the fire-box top. The Hardy sacks to be 
connected with the ejector by means of a copper pipe. The release valve 
to be fixed at back of fire-box, and to be connected with the sacks by means 
of a wrought iron pipe, and with the vacuum gauge by a copper pipe. The 
Hardy sacks to be bolted to the underside of drag plate, and to be con- 
nected by links to the levers of brake shaft. The entire arrangement of 
brake and details, such as brake shaft, hangers, carriers, blocks, rods, and 
cross-bars, must be made as per drawings supplied. 

Flatfomi or Drag-plate. — ^The platform behind fire-box to consist of 
a heavy casting, forming drag-plate, and weighing three tons ; to be firmly 
bolted to frames, and have projections for brake shaft carrier, intermediate 
safety chains, Ac, Ac, — see drawings — ^to be covered with a timber platform 

31 inches thick. 

Cab. — ^To be made of -^ inch plates, and stiffened on the edges with 
beading and angle iron, neatly polished. The front to be provided with 
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two spectacle glasses, fixed in brass frames made to swivel on centre, as 
shown on drawings. 

Splashers and Saad-bozes. — To be made of | inch plate, the tops 
curved to form flange for attachment to foot-plate. The leading splasher 
to be continued forward to face of smoke-box ; this portion to be made of 
cast iron, so as to form the front sand-boxes, which must be worked simul- 
taneously from the foot-plate. Two sand-boxes also to form part of trail- 
ing splashers, and to be connected so as to be worked together from the 
foot-plate. 

Safe^-Talve Casing. — To be of wrought iron, painted ; thickness, 14 
B.W.G. 

Borne Casing. — Made of iron plates, 14 B.W.G., and brazed up 
solid. 

Kand-rail. — Of iron piping, i^ inch diameter outside, polished, and 
carried roimd front of smoke-box, as shown on drawings. 

Ijamp-liolders. — To be fixed on smoke-box front, as shown on 
drawings. 

Mountings. — ^Each boiler to be provided with two whistles, two injector 
steam cocks, one SchaflFer and Budenberg's patent steel tube pressure gauge, 
one scum cock with copper pipe leading under foot-plate, one set of glass 
gauge cocks, asbestos packed, Dewrance's patent, and two gauge cocks, one 
blower cock on face of fire-box with copper pipe through boiler — ^all made 
on the screw cone principle, as shown on drawings. 

Lagging. — ^The boiler and fire-box shell to be lagged with well seasoned 
pine, tongued and grooved, and neatly covered with sheet iron, 14 W.G., 
and secured with hoops. Dome to be covered with " silicate cotton," 
instead of being lagged with wood. There must be two discharge cocks 
to each cylinder, and one on steam chest, all to be simultaneously worked 
from foot-plate. 

Bolts, Vnts, and Threads. — ^All bolts, nuts, and threads to be made 
to Whitworth standard. All brass work up to and including | inch diameter 
to be screwed 14 threads per inch. All brass work above | inch diameter 
to be screwed i a threads per inch. Copper stays to be screwed 1 1 threads 
per inch. 

Tools. — ^Each engine must be supplied with a complete set of screw- 
keys and gland-keys, all case-hardened, and stamped with the company's 
initials and the number of the engine ; also one large and one small 
monkey-wrench, one heavy and small hammer, one lead and one copper 
hammer, one large and one small pin punch, two drifts, three chisels, one 
steel-pointed crowbar, one small steel pinch bar, one gland packing bar, 
one loton bottle-jack — ^to drawing — two head lamps to pattern, one hand 
lamp and one gauge lamp, one oil can, one large and one small oil feeder, 
and one tallow kettle ; also one shovel, one coal-pick, one hand-brush, 
and a complete set of fire-irons; one tube scraper, and one wire tube 
brush* 
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I. — The boiler to receive two coats of oxalic paint before being 
lagged with wood; after lagging, the boiler, frames, wheels, splashers, 
handrail plates, and weather screen, to have one coat of lead colour, two 
coats of stopping, three coats of filling up properly rubbed down, two coats 
of lead colour sand-papered, two coats of green — ^to sample — ^picked out 
with black, and fine-Uned with white. Rim of tire to be black with white 
line. The whole to be finished with three coats of varnish. Inside of 
frames and axles to be finished with one coat of vermilion and one of 
varnish ; outside of frames, rail-guards, &c., to be finished brown, picked 
out \*ith black, and fine-lined with white. Front buffer beam and buffers 
to be finished vermilion and varnished. Number of the engine to be placed 
in gold leaf on engine front and tender hind buffer planks, and a brass 
number plate to be fixed in centre of handrail plate — see pattern. Smoke- 
box, chimney, back of fire-box, platforms, steps, &c., to be painted black; 
two coats inside of cab to be prepared similar to boiler and frame, and 
finished in brown and hned. 

Tank. — Of horseshoe form ; the sides each made of one plate, and all 
vertical rows of rivets countersunk. The tank plates to be made of BB 
Staffordshire or Yorkshire iron. The bottom plate of tank to form foot- 
plate of tender, and the sides and back of tank to be well stayed to the 
bottom plate with T-irons, angle irons, and stay plates, as per drawing. 
The sides and back of tank to be finished with a wrought iron half-round 
moulding piece, as per drawing. 



Dimensions. 








ft. 


in. 


Length of tank sides 


. 18 


4 


Widdi 


. 6 


9 


Height above frame 


- 4 


2iV 


Thickness of tank sides and end . 


, 


oi 


„ top ... . 





of and J inch. 


„ „ bottom . . . . . 


. 


^ 



Cab. — The tender is to be fitted at the front end with Sharp's, of Shef- 
field, patent arrangement of cab, tool-box, and filling-hole combined, as 
shown on drawings. The feed pipes to be protected by a perforated copper 
sieve. Feed cocks to be of brass, asbestos packed, Dewrance's patent, as 
per drawings. • 

Axles. — ^To be of the best Bessemer steel, manufactured by Cammell 
and Company ; Brown, Bayley, and Dixon ; or the Bolton Iron and Steel 
Company ; to be all turned accurately to gauges. Two per cent, of the 
axles to be tested by the company's inspector before leaving the steel 
works. 
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Dimensions. 

ft. in. 

Diameter in the middle o SJ 

„ of wheel seat (to be made parallel) . o 6J 

Length of „ 08 

Diameter of journal 04^ 

Length „ ......09 

Centre to centre of journals 63 

Azle-bozes.— Made of hard cast iron, with gun-metal bearings, to be 
fitted with lubricating trough and pad, as per drawings. 

Kombloclcs. — ^To be made of hard cast iron, planed and fitted, and 
riveted to frame, as shown on drawings. 

Wheels. — Wrought iron of the best description ; to be made in the same 
manner as those of engine. 

Dimensions. 

ft. io. 

Diameter outside rim of wheel 3*4 

Width of rim . o 4I 

TTiickness of rim o i^ 

Diameter of wheel boss i of 

„ wheel seat (to be made parallel) . . . o 6J 

Length „ 07 

Number of spokes — 10. 

Section of spokes at large end — 3f inches by if inch. 

small end — 3I inches by i| inch. 



»> y* 



Tires. — ^To be made of the best mild Bessemer steel of special quality, 
manufactured by Cammell and Co., or Brown, Bayley, and Dixon, and to 
be stamped with the name of the maker. Two per cent, of the tires to be 
tested, in the presence of the company's inspector, by percussion, and to be 
deflected 2 inches to each foot of external diameter, and to bear a strain of 
35 tons per square inch. To be fixed to wheels by tire fastening, as shown 
on drawings. 

Dimensions. 

ft. in. 

Diameter of tires on tread (when finished) . . • 3 /J 
Thickness of ,, „ ,, ....03 

Width . . . . . . • o 5a 

Between tires 4 58 



I. — ^To be of good tough fibrous Yorkshire iron, of frame-plate 
quality, and to be obtained from Messrs. Cammell and Co., or Sir John 
Brown and Co. Each frame to be made of one plate, and all holes 
marked and drilled from one template. Drawbar arrangement, safety 
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chains, rolling pieces between engine and tender, intermediate buffers and 
ball-joint connection to be fixed as per drawings. Drawhook to be provided 
with a screw-shackle the same as for the engine, and to be mounted with a 
Timmis's spring. 

Dimensions. 

ft. in. 

Distance between outside frames 5 Sf 

Length of „ „ 19 10 

Thickness of „ „ o of 

Distance between inside frames . ..34 

Length of „ „ - 17 9i 

Thickness of „ „ o oj 

Distance from leading axle to front end of frame .43 

„ f, ,f ,, to centre axle . . ••63 
„ „ centre axle to trailing ,, . .63 

„ „ trailing axle to hind end of frame ..31 



u — ^To be of wrought-iron, frame-plate quality, as per 
drawing. 

BuiFem. — ^To be Turton's patent wrought iron buffer, B 3 pattern, manu- 
factured by Messrs. Ibbotson Brothers and Co., as per drawing. 

Springs. — Of the best Swedish spring steel, and to be manufactured by 
Messrs. John Spencer and Sons, of Newcastle-upon-Tjme. Each spring to 
be tested in the same manner as described for the engine springs. 

Dimensions. 

ft. m. 

Length of leading and trailing springs (loaded) . .39 
Camber „ „ „ ,,...03 

Breadth „ „ „ „ . . o 3J 

Thickness — top plate-^^ inch, 14 plates finch. 

Length of centre springs (loaded) 33 

Camber „ „ „ 03 

Breadth „ „ „ o 3J 

Thickness — top plate, -j^^inch, 16 plates finch. 



\, — ^Tender to be fitted with a vacuum brake, consisting of two 
15-inch Hardy sacks, which, together with wrought iron piping, elbows, 
and couplings, and flexible hose-pipe connection between engine and 
tender, are to be obtained by the contractor from the Vacuum Brake Com- 
pany. A solid angle iron ring for carrying the sacks to be fixed to under 
side of tender at front end between longitudinal stretchers, as shown on 
drawings. Sacks to be connected by links to the levers of brake shaft, 
which is to be also provided with a lever for hand brake. The entire brake 
arrangement and details, such as handle, brake, screw, brake shaft, hangers. 
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blocks, carriers, rods, and cross-bars to be made in accordance with draw- 
ings supplied. 

HaudraiL — Handrail of iron piping i} inch diameter outside, polished 
and fastened by two brackets to end of tank. Two handrail pillars to 
be placed on each side of foot-plate and fixed to tank, as shown on 
drawings. 

Jjamp-holdem. — Two to be fixed on back of tender, as shown on 
drawings. 

Bolts» Vnts, and T]ireads.-^To be of Whitworth standard. 

Faintiiig. — ^The inside of the tender tank to have two coats of good 
thick red lead ; the outside of the tank, cab, and tool-box to be prepared 
and finished in the same manner as the engine boiler covering. The inside 
of the cab to be treated exactly the same as the inside of the engine cab. 
Inside of frames to have two coats of lead colour. Outside of frames and 
wheels to be prepared and finished identically the same as those of the 
engine. Hind buffer beams and buffers to be finished vermilion and var- 
nished. Coke space, foot-plate, bottom of tank, and brake-work under 
tender to have two coats of black. 



SPECIFICATION FOR FOUR-COUPLED EXPRESS LOCOMOTIVE, 

GREAT EASTERN RAILWAY. 

Express Locomotive Engine, designed by Mr. T. W. Worsdkll, 
Locomotive Superintendent^ Great Eastern Railway Works, Stratford. 

Cylinders. 

(t. in. 

Diameter of cylinder i 6 

Stroke 20 

Length of ports o iij 

Width of steam ports o ^i 

Width of exhaust ports o 4J 

Distance apart of cylinders, centre to centre . ..20 
Distance of centre line of cylinders to valve face .11 

Distance of centres of valve spindles 20 

Lap of slide valve o 1 1 

Maximum travel of valve . . . . . ..05 

Lead of slide valve o o^ 

Motion, Jo/s patent, to drawing. 

Diameter of piston-rod 03 

Length of slide blocks 13 

Length of connecting-rod between centres . . . 6 10 
Length of radius rod 3 94 
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Wheels and Axles. 



Diameter of driving-wheel - . 
Diameter of trailing-wheel 
Diameter of leading-wheel 
Distance from centre of leading to driving . 
Distance from centre of driving to trailing 
Distance from driving to front of fire-box 
Distance from leading to front bufiFer-plate 
Distance from trailing to back bofifer-plate 



ft. to. 

7 o 

7 o 
4 o 

8 9 
8 9 
2 o 
4 6 
4 3 



Crank Axles. 

ft. in. 

Diameter at wheel seat .09 

Diameter at bearings 07^ 

Diameter at the centre 07 

Distance between centres of bearings . . . . 3 10 

Length of wheel seat 08 

Length of bearing * ..09 

Trailing Axle. 

ft. in. 

Diameter at wheel seat 09 

Diameter at bearings . . . . . . o 7 J 

Diameter at centre 07 

Length of wheel seat 08 

Length of bearings 09 

Diameter of outside coupling pins 04^ 

Length of outside coupling pins 04 

Throw of outside coupling pins 10 

Leading Axle. 

ft. in. 

Diameter at wheel seat o 8|r 

Diameter at bearing . . . . . ..07 

Diameter at centre o 6J 

Length at wheel seat o 6i 

Length at bearing . .011 

Centre to centre of bearings 38 

Thickness of all tires on tread 03 

Width of all ares on tread 05! 

Frames. 

ft. in. 

Distance apart of main frames 40 

Thickness of frame (steel) 01 
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Boiler. 

ft. n. 

Centre of boiler from rails 76 

Length of barrel 11 Si 

Diameter of boiler outside 43 

Thickness of plates (steel) o oj^ 

Thickness of smoke-box tube plate • . . o of 

Lap of plates . 02^ 

Pitch of rivets o i|f 

Diameter of rivets o off 

Fire-box shell (steel). 

ft. in. 

Length outside 60 

Breadth outside at bottom 3 11 

Depth below centre line of boiler 56 

Thickness of front plates o o| 

Thickness of back plates o o| 

Thickness of side plates o o| 

Distance of copper stzjs apart 04 

Diameter of copper stays 01 

Inside Fire-box (Copper). 

ft. ia. 

Length at the bottom inside 54 

Breadth at the bottom inside 33 

Top of box to inside of shell 14 

Depth of box inside 6 af 

Tubes. 
Number of tubes 201 

ft. in. 

Length of tubes 1 1 9f 

Diameter outside o if 

Thickness No. 11 and No. 13 W.G. 

ft. in. 

Diameter of exhaust nozzle o 4f 

Height from top of top row of tubes 02 

Height of chimney from rail 12 11 

Heating Surface. 

tq. ft. 

Of tubes 1082*5 

Of fire-box 117*5 

Total i2oo'o 

Grate area 17*3 
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Weight of Engine in working order. 

tns. cwt. qr. 

Leading wheels la 19 i 

Driving wheels 1500 

Trailing wheels i333 

Total . . . . . . 41 3 o 

Weight of Engine Empty. 

tns. cwt. qr. 

Leading wheels 1242 

Driving wheels 12 15 i 

Trailing wheels . , 1311 

ToUl 38 I o 

The tender holds 5 tons of coal and 3200 gallons of water. 



SPECIFICATION FOR EXPRESS ENGINES, LONDON, 
CHATHAM, AND DOVER RAILWAY. 

These engines were designed by Mr. W. Kirtley, Locomotive Super- 
intendent of the line y for working heavy trains at express speed for 
Continental traffic. 

The engines described in the following specification are known as class M. 
The following are their leading dimensions: — Diameter of cylinders, 17 J 
inches ; stroke of cylinders, 26 inches ; diameter of bogie wheels, 3 feet 6 
inches; diameter of coupled wheels, 6 feet 6 inches ; total wheel base of 
engine, 21 feet ojinch; total wheel base of tender, 12 feet; heating surface 
of tubes, 962 square feet ; fire-box, 107 square feet ; total heating surface, 
1069 square feet; grate surface, i6'3 square feet; capacity of tank, 
2550 gallons. 

Qnality of Materials. — Where '' brass " is specified it must be good 
tough metal. Gun-metal must be composed of five parts of copper to one 
part of tin. White metal. — ^This must be composed of — ^Tin, sixteen parts; 
antimony, two parts ; copper, one part and a-half . Other materials to be 
obtained of the manufacture to be hereinafter specified, unless the consent 
of the company's locomotive superintendent in writing be first obtained to 
an alteration. 

Boiler. — Barrel, dome, fire-box casing, and smoke-box tube plate, and 
all angle irons, rivets, and stays to be made of Lowmoor, Bowling, Taylor's, 
or Cooper's (best Yorkshire) iron. Barrel to be made in three plates as 
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shown, transverse joints to be made with a butt strip ring, and to be single 
riveted, the longitudinal seams to be butt jointed, and to have inside and 
outside strips, and to be double riveted; seam of middle plate to be welded, 
and to be strengthened by a liner plate riveted on inside under the dome 
flange. Tube plate to be attached to barrel by ring of angle iron, bored, 
faced, and turned on edges, and zig-zag riveted to both. The dome to be 
in one plate welded at the seam, and flanged at the bottom to fit barrel, to 
which it is to be double riveted ; to have an angle iron ring in the top, and 
to be fitted with a strong wrought iron cover. The cover and angle iron 
must be accurately faced so as to make a perfectly steam-tight joint The 
foundation ring to be of the form shown, so that the casing plates may be 
double riveted at the corners, and having lugs to carry the ash-pan and fire- 
bar brackets. The fire-hole to be circular, and both the fire-box and 
casing plates must be kept well clear of the inner edge of the ring. A 
girder stay is to be fixed to the smoke-box tube plate by an angle iron of 
the section shown, and also to be flanged and riveted to the barrel in the 
manner shown on drawings. Double gusset stays must be securely riveted 
to the back and top plates of the fire-box casing. All the plates are to be 
planed or turned on the edges before being put together. The holes must 
be drilled or punched slightly countersunk, and rhymed out perfectly fair 
with each other in all plates and angle irons ; drifting will under no circum- 
stances be allowed ; care must be taken that the smaller diameters of the 
holes come together, that all burrs are carefully filed ofiF, and that the plates 
are brought well together before any rivet is put in. All rivets must com- 
pletely fill the holes, and the heads must be perfectly true and central. 
Any caulking that may be required must be done with a broad-faced tool, 
so that the plates may sustain no injury. Fifteen brass wash-out plugs, and 
four mud doors of wrought iron are to be placed in the positions shown on 
drawings ; the latter are to be fitted in position before the fire-box is put in. 
Before being lagged the boiler is to be tested in the presence of the com- 
pany's locomotive superintendent, or his inspector, to a pressure of 200 lb. 
per square inch with water, and afterwards to 160 lb. per square inch with 
steam, and it must be perfectly tight under these pressures. 

Dimensions. 

ft. in. 

Length of barrel 10 a 

Diameter, outside 43 

Thickness of plates o o^ 

„ tube plate o o| 

„ dome plate o o^ 

Diameter of rivets o o^ 

FiRX-BOx Shell. 

Length, outside ........ 5 9 

Breadth at bottom, outside 311 
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ft in. 

Bottom of foundation ring below centre line of boiler . 5 2 
Thickness of side, top, and back-plates . . .00^ 

„ throat-plate o oj 

Diameter of rivets o o\i 

„ foundation ring rivets o oj 

Height of centre line of boiler from rail . . . j 2 



. — ^The fire-box plates to be of copper of the very best quality, 

obtained from Messrs. Everitt and Sons, Grenfell and Sons, Vivian and 

Sons, or other approved makers. The stays and rivets to be made from 

the very best soft rolled copper bars, by the same makers as the plates. 

The plates to be annealed both before and after flanging, and to stand a 

test of being doubled cold without showing any sign of fracture. The 

sides and crown to be in three plates, the crown plate to be curved as 

shown and stayed to roof bars by bolts turned taper where they go into the 

plate ; these bars are to be connected to angle irons on the casing plate by 

sling stays. Great care must be taken to bed the ends of the roof bars 

accurately on the fire-box plates, also that the sling stays are the correct 

length. The copper stays are to be tightly screwed into the fire-box and 

casing plates, and to be neatly riveted over at the ends, the thread being 

turned off the portion of stay between the plates. Six palm stays to be 

placed on the barrel of boiler in the positions shown, the outer ends of the 

copper screws in tube plate to be countersunk and neatly riveted over. A 

brass plug with fusible lead centre to be inserted in the crown of fire-box. 

A brick arch to be built in the fire-box, supported on studs in the manner 

shown on drawings. 

Dimensions. 

ft. in. 

Length at top, outside 5 o| 

„ bottom „ 5 U 

Breadth 34 

Depth, inside 60 

Water space at bottom, all round 03 

Thickness of plates o o| 

Thickness of tube plate < and 

( o oi 

Diameter of fire-hole i 3a 

Section „ ring — 3I inches by 3 inches. 

Roof bars — No., 8. 

Depth — Six to be 6 inches, two to be 5 inches. 

Thickness— Two plates each o of 

Diameter of roof bar bolts o of 

copper rivets o ^^ 

copper stays o o| 

Distance of copper stays apart, about . . ..04 

Diameter of copper screws of palm stays . . .01 
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Tulies. — ^To be of copper, solid drawn, of either Everitt's, Green's, 
Wilkes*, Birmingham Battery Company's, Broughton Copper Company's or 
other approved make, 9 BWG at the fire-box end tapering to 12 BWG at 
the smoke-box end. To be secured by a roller tube expander — great care 
being taken that the tubes are not cracked— and fixed with ferrules at the 
fire-box end. Ferrules to be of ferrule steel, and to go into the tubes a tight 
driving fit. The tubes are to project through the smoke-box tube plate 
T^g- inch. 

Dimensions. 

ft in. 

No. 200 — — 

Length between tube plates 10 6 

Diameter, outside o if 

„ „ at smoke-box end for a length of 4 inches o if 
Thickness at fire-box end — No. 9, BWG. 

„ smoke-box end — No. 12, BWG. 

Distance apart of centres, about o 2 j 

Smoke-boz and Spark-arrester. — Plates for smoke-box and door to 
be of BB Staffordshire iron, having a perfectly smooth surface. The rivets 
are to be countersunk outside and filed smooth. Wrought iron liners are 
to be placed against the tube plate, and the sides and front of smoke-box. 
The door to be dished as shown on drawings, and fitted with baffle plates 
and suitable dart, handles, and hinges, the latter to be finished bright 

A cast iron grate for arresting sparks to be supported in the smoke-box 
in a horizontal position just below top of blast pipe. Care must be taken 
that this grate fits accurately round the steam and blast pipes. 

Dimensions. 

ft. in. 

Length of smoke-box, inside 2 8| 

Width on centre line of boiler, inside . . ..411 

Thickness of plates o of 

Section of angle iron — 2^ inches by 2^ inches by | inch. 
„ ring round door hole — 3 inches Vy f inch. 

Diameter of rivets o of 

Pitch of rivets, about 03 

Chimney. — ^To be of BB Staffordshire iron; joint to be made with a 
butt strip, and the rivets to be countersunk, and filed smooth on the out- 
side. The bottom to be quite free from hammer marks, and to be carefully 
fitted to smoke-box. The top, of cast iron, to be made to drawing. 

Dimensions. 

ft. in. 

Height of top of chimney from rail . . . • 13 31 

Diameter inside at top 16 

„ „ bottom I 4s 

Thickness of plates o oj 
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Ash-paa. — ^To be made to hold water, and fixed to lugs on the founda- 
tion ring as shown on drawings; to be fitted with a damper, front and back, 
each to be worked separately from the foot-plate ; the damper rods to be 
on the right-hand side of foot-plate. 

Dimensions. 

ft. in. 

Thickness of plates of ash-pan o OjV 

Depth of ash-pan 12 

Width „ 34 

Safetgr-valTes. — ^To be of the kind known as " Ramsbottom's duplex" 
safety valves, to be fixed on the fire-box casing. The columns to be of 
brass turned bright, fixed on a cast iron manhole cover. The springs (of 
approved manufactiire) and gear to be made accurately to drawing, and set 
so as to blow ofiF at 150 lb. per square inch. The seating to be of wrought 
iron, carefully fitted to the fire-box casing. All the joints must be accu- 
rately faced, so as to be perfectly steam-tight. 

Dimensions. 

ft. in. 

Diameter of valves . . . . . . • o 3a 

Distance apart of columns o lOxV 

Height of brass columns 10^ 



Diameter of spring steel . . . . * . . o o| 
manhole cover 16 



1 8 

0' 



Thickness of seat . . oil 

B^folator and Steam-pipes. — Regulator to be of cast iron, the head 
to be fitted with double valves. The steam pipes to be of copper sheets 
hard soldered together on the inside. Flanges and cone to be brass. 
Steam pipe in boiler to be fixed to tube plate by a turned ferrule of best 
steel and to regulator by means of three claw bolts. Elbow pipe in smoke- 
box to be of cast iron. 

Dimensions. 

ft. in. 

Diameter of steam pipes, inside 04^ 

Thickness— No. 7, BWG. 

Blast-pipe. — ^The blast pipe to be of cast iron fitted with an adjust- 
able nozzle to be worked by suitable gear from the right-hand side of foot- 
plate. 

Dimensions. 

ft. in. 

Smallest diameter of nozzle o 4f 

Height of nozzle above top row of tubes . ..02 

• 

Fraanesy Iiudde. — Inside frames and front buffer plate to be of York- 
shire iron, frame plate quality, made by Taylor Brothers, Cammell and Co., 
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Brown and Co., Parkgate Iron Co., or other approved makers. Each frame 
plate must be in one length — ^without weld — and it must have the brand of 
the manufacturer legibly stamped on its outer side. The plates are to be 
planed all over on the inner side, and the outer side must be finished with 
a good smooth surface. All holes to be marked from one template, and 
drilled and rhymed out to the exact size given. The frames to be set in 
and thoroughly well stayed together by the buffer plate, and with plates 
and angle irons at the leading end in the manner shown on drawings, the 
front foot-plate to be thinned at the edges as shown. A plate is to be 
placed horizontally under the cylinders to carry the bogie pin, and must be 
firmly bolted to angle irons on the frames. A transverse stay arranged to 
carry the back ends of motion bars and the intermediate spindle guides, 
and a vertical stay in front of the fire-box casing must be placed in the 
positions shown. Over the trailing axle a horizontal flanged stay is to be 
securely bolted to the frames, and at the hind end of frames a cast iron 
foot-plate arranged for the tender couplings, is to be placed. All these 
stay plates and angle irons to be of BB Staffordshire iron. The casting 
and the transverse stays must be securely fastened to the frames by turned 
bolts. The rubbing pieces for tender buffers to be well case-hardened. 
When finished the frames must be perfectly true and square in all direc- 
tions. The foot-plate to be of BB StafiFordshire iron, and the rivets to be 
countersunk on the top. Guard bars of the form shown are to be securely 
bolted to the frames and buffer plates. 

Dimensions. 

ft. in. 

Thickness of frames, finished o i^V 

Depth over leading bogie wheels 12 

between cylinders and driving horns . . .16 
between driving and trailing wheels, open . . in 

Greatest depth of plates 2 ii| 

Distance from centre of bogie to front end of frame ..50 

to centre of driving axle . 9 10 

driving axle to centre of trailing axle 8 4 

trailing axle to hind end of frame . i o 

Extreme length of plates . . . .272 

Distance from centre of driving axle to front of fire-box 

casing i loj 

Distance between frames at leading end . -39 

„ „ from cylinders to trailing end . 4 o 

Height of top of frame from rail 4 la 

Depth of buffer-plate 14 

Length „ 76 

Thickness „ o ij 

Thickness of foot-plate o o^ 

Extreme width of foot-plate 7 10 



If 

if 



99 }» *f 

99 tl 

f) l» 
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Outside. — ^To be of BB Staffordshire angle iron — the step plates to be 
riveted on — and to be stayed to the inside frames as shown on drawings. 
All the rivets to be countersunk outside. Section of angle iron for frames 
6 inches by 2\ inches by ^ inch. 

BviElBxfl and P ra wyaar. — Buffers to have wrought iron cases and 
plungers, with india-rubber springs, No. 2, of George Spencer and Co.'s 
make, and to be in all respects similar to drawings supplied. Draw-bar to 
be of best chain cable iron, to be arranged to radiate, and to be fitted with 
shackle and coupling chain and screw coupling, and to have an india- 
rubber spring, No. 6, to drawing, of George Spencer Sc Co.'s make. 

Dimensions. 

ft. in. 

Height of centre line of buffers from rail . '35 

Distance of centres of buffers apart 58 

Diameter of draw-bar 02 

Cylindera. — ^To be made of the best close-grained, hard, and strong 
cold-blast cast iron, twice cast, as hard as can be worked, and perfectly 
free from honeycomb or other defects. They must be bored out perfectly 
true, the ends being bell-mouthed. The cylinders are to be made with 
loose covers at each end, the back cover having provision for carrying the 
front ends of slide bars. All joints and faces to be machined and scraped 
to a true surface, so that a perifect joint can be obtained. The cylinders to 
be set as shown on drawings, and to be attached to the frames by flanges — 
the holes in which and in the frames are to be rose-bitted — and secured by 
turned bolts a dri\ing fit. The front flanges and covers are to project 
through the frames as shown on drawings. To be provided with waste- 
water cocks and gear worked from the right-hand side of foot-plate. The 
top of cylinders to be covered with thin fire-brick or cement ; the bottom 
flanges to be planed perfectly true, so that the bogie pin-plate may bear 

truly against them. 

Dimensions. 

ft. in. 

Diameter ^ Si 

Stroke 22 

Distance of centres 24 

„ valve spindle centres 03! 

Thickness of metal o o| 

Length of ports 12 

Width of steam ports o ij 

„ exhaust ports o 3I 

Thickness of bridges 01 

Length of working face on 

Distance from centre of driving axle to centre of exhaust 

port 9 9i 

Incline of cylinders — i in 25. 
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Pistons. — ^To be of tough cast iron, made from cylinder metal, and to be 
sound and free from all defects. To be accurately fitted to cones on ends 
of piston rods, and fixed with nuts as shown on drawings. Piston heads to 
be turned ^inch smaller than bore of cylinder. Packing rings to be of 
cast iron, turned only on the outside and on edges, and made |inch larger 
in diameter than cylinder bore, and thee, cut and sprung into their places. 
When finished the whole must be an easy but accurate fit in the cylinder, 
so that the piston and rod can be moved backwards and forwards by 
hand. 

Dimensions. 

ft. in. 

Width of piston o Si 

„ rings, two in each piston o of 

Thickness of rings o Of 

Piston-rod. — To be of the best mild cast steel, manufactured by 
Taylor Brothers, Vickers, Sons, and Co., Cammell and Co., or other ap- 
proved makers, with cone and nut for fixing to piston ; the cone at cross- 
head to be enlarged, as shown on drawings. 

Dimensions. 

ft. in. 

Diameter of rod o 2| 

Length between cones 2 la^ 

Taper of cone in crosshead — i in 16. 

„ „ piston — I in 6. 

No. of threads per inch piston end — 6. 

Crossheads and Gudgeon-pins. — To be of best Yorkshire iron, and 
to be finished bright ; the gudgeon pins to be keyed in the crossheads and 
well case-hardened. 

Slide-bars and Slide-blocks. — Slide bars to be of cast steel from 
the same makers as piston rods, and to be provided with brass oil syphons 
to drawings. The slide blocks to be of cylinder metal, sound and free 
from all defects. 

Dimensions. 

ft. in. 

Width of slide bars .03 

Thickness 02J 

Length 41 

„ of slide block 12 

Distance between slide bars vertically . . . • o 3I 

„ „ „ horizontally . . . . o 6| 



Conneoting-rods. — ^To be of best Yorkshire iron, forged solid in one 
length. The brasses to be of gun metal, those for the big ends to be lined 
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with white metal. The cottars to be of steel, and the bolts of the best 
Lowmoor iron forged from the solid, the heads must on no account be 
welded on. 

Dimensions. 

ft. in. 

Distance of centres 5 lo 

Diameter of big end bearings o 7I 

„ small end bearings 03 

SUdo-Talves and Valve-spiiidles. — ^The valves to be of gun-metal, 
with |inch holes drilled in the face. The spindle frames and intermediate 
spindles to be of best Yorkshire iron, of the form shown on drawings, the 
latter to be well case-hardened. 

The intermediate spindle guides to be of cast iron, bushed from either 
end with gun-metal bushes, and to have oil boxes cast on as shown. 

Dimensions. 

ft. in. 

Lap of valve 01 

Lead, in full gear • o ^V 

Centre line of valve above centre line of cylinder . .01 

Diameter of valve spindle o if 

„ intermediate spindle 03^ 

Length of „ „ guides . . ..10 

Valve-niotion. — ^The valve-motion to be made from the best scrap 

iron, and the working and rubbing surfaces to be thoroughly case-hardened, 

and provided with oil syphons and grooves, and finished in the best manner. 

Expansion link to be supported at the top from the forward excentric rod 

pin, the reversing shaft being below the motion and behind the link. The 

motion pins to be of best iron, thoroughly case-hardened and accurately 

fitted. Excentric sheaves to be in two pieces, the smaller piece being of 

best scrap iron, and the larger piece of cylinder metal. Excentric straps to 

be of wrought iron, solid with the rod, and to be fitted with white metal 

liners. 

Dimensions. 

ft. in. 

Length of expansion link between centres . . .14^ 

n excentric rods 43 

„ lifting links i 10^ 

Diameter of motion pins o if 

„ excentric sheaves i 4i 

Throw „ „ o 3f 



•• — Reversing to be performed by means of a screw 
arrangement, firmly supported on the right hand side of foot-plate. 
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Ctoupling-rods. — To be of Bessemer steel of approved make with solid 
ends and syphons, and to be fitted with phosphor-bronze bushes. Each 
rod to be forged solid in one length, and finished bright. 

Dimensions. 

ft. in. 

Distance of centres 84 

Section of rod — 4 J by if in. 

Coupling-rod Pins. — ^To be of wrought iron case-hardened, accurately 
turned to gauge, and to be exact duplicates ; to be turned to a taper of i 
in 50 and forced into the wheels by hydraulic pressure, the inner end to be 
afterwards riveted over ; the outside end of pin to be fitted with a washer 
and taper pin as shown on drawings. 

Bo^. — William Adams' Patent. — ^To have four wheels, and to be in all 
respects of the form and dimensions shown on drawings. The frames to 
be of Yorkshire iron by the same makers as the engine frames, the brand 
to be on the outer side, raised as shown over the axles, the inner sides to be 
planed all over, and the outer sides where any attachment is made. The 
carrying girders to be of best Yorkshire angle iron bent round and securely 
riveted to the frames, and machined on the outer sides, clearances being 
made where shown; steel bearing-plates planed and scraped to a good 
working surface are to be riveted to the angle irons. The ends of the 
frames are to be stayed by flanged plates of BB Staffordshire iron placed 
vertically, and bolted to the frames by the horn block bolts. When finished 
the frames must be perfectly true and square. The sliding block is to bear 
on the steel plates and work between the angle irons before mentioned, the 
side play being controlled by suitable india-rubber springs arranged as 
shown on drawings. The leading end of engine is to be supported on an 
india-rubber pad, through which and into a corresponding hole in the 
sliding block passes the bogie pin. A sheet brass dish is to be inserted 
between the india-rubber pad and the sliding block. The bogie pin to 
have a projection on it fitting into a corresponding hole in the horizontal 
plate under cylinders before mentioned, to which it is to be securely bolted, 
and to have a wrought iron safety pin with washer, nut, and cottar through 
it. The sliding block to be of tough cylinder metal perfectly free from 
honeycomb or other defect ; the bogie pin to be of cast steel of approved 
manufacture, thoroughly annealed. These castings are to be machined on 
all working and bearing parts, and the sliding block is to be scraped to a 
good working surface on the sliding portions, and to have lubricators fixed 
and oil grooves cut where shown. The spring cradles are to be made of 
best Yorkshire iron, with cast iron saddle pieces at each end, shaped to 
bear on the axle-boxes, and cored out for oil syphons as shown. The 
main spring pins are to be of best Yorkshire iron forged from the solid, 
and securely riveted to the frames with turned cold rivets of Lowmoor 
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iron. The india-rubber pad and the check springs to be of George Spencer 
and Co.'s make. 

DmsNsiONS. 

ft in. 

Bogie wheel base 59 

Thickness of frames, finished 01 

Depth at centre o 10 

„ horns ^ 7i 

Length of frames . , 7^2 

Distance between frames ^ 7i 

Section of angle iron for carrying girders — 7 inches by 

7 inches by i inch. 
Section of steel bearing-plates — 7 inches by f inch. 

Length 26^ 

Thickness of end stays o o| 

Depth ,, o 10 

Total side play of bogie 02 

Diameter of india-rubber pad unloaded . .20 

Thickness „ „ ,, ....04^ 

Diameter of hole in india-rubber pad .08 

cast steel bogie pin 06 

wrought iron safety pin . . . .02^ 
Section of iron for spring cradles — 5 inches by i inch. 

Diameter of mainspring pins 02} 

„ india-rubber check springs unloaded . '05^ 

Length „ „ „ „ ..011^ 

Springs and Connaotioiui. — ^The springs to be of the very best spring 
steel, manufactured by Messrs. Turton and Sons, or other approved makers. 
Before being put in position, each spring is to be fully tested until the 
camber is taken out, and the spring must afterwards resume its original 
form. The bogie springs are to be inverted, the buckles being connected 
direct to the pins before mentioned, on the bogie frames ; the ends of 
springs are to be connected to the spring cradles by hooks. The driving and 
trailing springs are to be under-hung, and the buckles are to be connected 
to the axle-boxes by T-links. The ends of driving springs are to be con- 
nected to wrought iron liners on the frames by adjustable links ; the ends 
of trailing springs are to be connected to wrought iron brackets firmly 
bolted to the frames by links of the form shown on drawings. All the 
brackets, links, hooks, buckles, and pins connected with the springs must 
be of best Yorkshire iron, and the working surfaces must be thoroughly 

case-hardened. 

Dimensions. 

B06IX. 

ft. In. 

Length loaded 40 
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ft. in. 

Camber . . . . , 03 

No. of plates — 14. 

Thickness of plates « o o| 



Driving and Trailing. 

ft. in. 

Length loaded 34 

Camber „ 03 

Breadth of plates 04^ 

No. of plates — 13. 

Thickness of plates 00^ 



Azle-boxes. — ^The axle-boxes to be of the very best gmi-metal, lined 
with white metal, and fitted with cast iron keeps and spring lubricating 
pads, and suitable covers. Every axle-box must be made accurately to 
dimensions, so as to be interchangeable in any of the engines. 

Eom-bloofai and Eom-«tay«. — ^The horn-blocks to be of crucible 
cast-steel of Vickers', Cammell's, Taylor's, or other approved make ; the 
bogie horn blocks to be fitted with cast iron distance blocks and securing 
bolts as shown. The driving and trailing horn blocks to be solid, and pro- 
vided with adjustable wedges and securing bolts. The horn blocks must 
be accurately bedded to the frames, and secured by turned bolts a driving 
fit. The horn stays for the driving to be of wrought iron ; those for the 
trailing to be the form shown on drawings, of cast steel, by the same 
makers as the blocks ; care must be taken that these stays fit the horn 
blocks accurately. 

Azles. — ^To be of crucible cast steel of Vickers, Sons, and Co.'s make ; 
the webs of crank axle to be hooped ; all corresponding parts to be of an 
exact size and made to template, so that they may be interchangeable, and 
each axle must be clearly stamped with the maker's name. The journals 
are on no account to be swaged down, but in all cases turned from the 
solid. The wheel seats must be accurately turned to a taper of i in 100. 



Dimensions. 
Bogie Axles. 

ft. in. 

Diameter in middle ^ Si 

„ on wheel seats o 7a 

„ of journals 06 

Length „ 09 

Distance apart of centres of journals . . . •37 
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Crank Axle. 

flu in. 

Diameter in middle . 07 

,, on wheel seats 09 

,, of journals 07^ 

Length „ 07^ 

Diameter of crank pin journals o 7I 

Distance apart of centres of cranks . • . .24 

„ „ journals 40 

Cross sections of crank arms — 12 inches by 4} inches and 

12 inches by 4I inches. 

Throw of cranks 11 



Trailing Axle. 

ft. in. 

Diameter in middle 07 

„ on wheel seats 09 

„ of journals o 7i 

Length „ . . . . . . . o 7J 

Distance apart of centres of journals 40 



Wlieelfl. — ^To be of wrought iron, of the best materials and workman- 
ship, with solid rims, spokes, bosses, and balance weights. The spokes 
must be forged with solid T ends, and welded in the centre. The surfaces 
of rims and spokes to be shaped so that the wheels are exactly balanced. 
Each wheel is to be bored taper and put on the axle, before the tires are 
shrunk on, by hydraulic pressure of not less than 60 tons, and then properly 
keyed on. Great care must be taken that the keys fit accurately. 



Dimensions. 
Bogie. 

ft. in. 

Diameter on rim 30 

Width of rim 04} 

Thickness of rim o if 

No. of spokes— 10. 

Section of spokes at boss — 4 inches by if inch. 
„ „ rim — 3I inches by i J inch. 

Diameter of boss 14 

Width of boss 07 

Diameter of hole in boss 07^ 
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Driving and Trailing. 

ft. in. 

Diameter on rim 60 

Width of rim o 4J 

Thickness of rim . . if 

No. of spokes — 22. 

Section of spokes at boss — 4} inches by i| inch. 
„ „ rim — 3 J inches by if inch. 

Diameter of boss 17 

Width of boss 07^ 

Diameter of hole in boss 09 

Centre of wheel to centre of coupling pin . . . x o 

Wheel Centres. 

ft. in. 

Trailing to driving 84 

Driving to centre of bogie 9 10 

Bogie wheel base 59 

Total wheel base of engine 21 o^ 

Tires. — ^To be of crucible cast steel, of Vickers, Sons, and Co.'s extra 
manufacture, and to be of the section shown on drawing ; to be shrunk on, 
and to be fixed to the wheel by lips on the outside, and by screws | inch 
diameter, placed between each spoke. Each tire must be clearly stamped 
with the maker's name and the brand " Extra." 

Dimensions. 
Bogie. 

ft. in. 

Diameter on tread 36 

Width o 5| 

Thickness, finished 03 

Distance between tires 4 Sl 

Driving and Trailing. 

ft. in. 

Diameter on tread 6 6 

Width o Sl 

Thickness, finished 03 

Distance between tures 4 5f 

Cab and Bplaaham. — ^The cab and splashers for trailing wheels to be 
made of best Staffordshire plate -^ inch — ^full — ^thick, the former to be 
fitted with two plate-glass windows in brass frames, to be made to open. 
The splashers for driving and bogie wheels to be made of best Staffordshire 
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plate I inch — ^fuU — ^thick. All rivets to be countersunk and filed smooth. 
A brass number plate, to pattern, is to be placed on each wing plate. 

DnCENSIONS. 

Wdthofcab 6 6 

Height at centre 70 

Sand Boxes. — ^To be of cast iron, four in number, and fitted with valves 
and substantial gear for working from footplate. The leading boxes to be 
fixed on to the splashers of driving wheels, and the valves are to be coupled 
together so as to work simultaneously. 

Lagging. — ^The boiler and fire-box shell to be lagged with well seasoned 
pine, and covered with smooth iron sheets — 14 BWG — supported on a light 
wrought iron frame, and secured by belts in the usual manner. 

Brake. — A powerful steam brake to drawing to be fitted to the engine, 
having cast iron balanced brake blocks to the driving and trailing wheels. 
All pins and. working parts of the brake gear to have large bearing sur- 
faces, and to be thoroughly case-hardened. Diameter of brake cylinder, 
9I inches. 

Bome and Manhole CaaingSy te. — ^To be of the form shown on 
drawings, of charcoal iron 14 BWG thick, thoroughly well finished. Brass 
moulding pieces are to be arranged round the back of smoke-box and fire- 
box casings. 

Kand Bail and Lamp Irons. — A neat hand rail to be provided round 
the boiler, supported by polished wrought iron standards. Lamp irons to 
be fixed on the smoke-box, footplate, and fire-box casing, in the positions 
shown. 

Xi^eetOM. — ^Two injectors, Friedman's (brass) No. 9, to pattern, to be 
suitably fixed on the ash-pan sides. 

Boiler Monntings, te. — ^A brass stand-pipe to be fitted on to fire-box 
casing, to carry two whistles, two injector steam valves, and one pressure 
gauge cock. Pressure gauge to be Bourdon's manufacture (Paris), with 
solid drawn tube (to sample to be supplied), to indicate from i to 200 lb. 
per square inch. A blower to be fixed on right-hand side of smoke-box, 
and worked from foot-plate. Two glass water-gauges, two ball clack 
boxes, a Furness lubricator to each cylinder, a displacement lubricator, oil 
boxes for axle-boxes and glands, lubricators for bogie sliding block, and an 
ash-pan water cock to be suitably fixed, the whole to be made of brass, in 
accordance with drawings, and of first-class finish. 

Dimensions, &c., of Pipes. 

Main steam pipes in boiler and smoke-box 
Injector suction and delivery pipes . 
„ steam pipes • • • . . 



Diameter 


Thickness. 


inside. 


BWG. 


4iin. 


7 


i| in. 


10 


if in. 


10 




F 
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Diameter ThickneM. 

inside. BWG. 

Blower pipe in smoke-box, copper solid drawn f in. 12 
Fumess lubricator pipes in smoke-box, copper 

solid drawn f in. 11 

Oil pipes -rs^^- ^5 

Pressure gauge pipe, copper solid drawn . . -jf^^ in. 15 

Bolts and Vuts. — ^To be made to drawings and gauges, and all threads 
to be Whitworth's standard, except where otherwise specified or shown on 
drawings. Every nut of the same description, to be exactly the same size. 
Gland nuts to l:^ case-hardened. All nuts in the smoke-box to be of hard 
brass, and made with a cap. All union nuts to be made exactly to 
drawings. 

No. OF Threads per Inch. 

Brass work of i in. diameter and upwards . . .12 

Mud plugs 12 

Copper fire-box stays 12 

Piston rods, piston end 6 

Tender. 

Tank. — ^Tank to hold about 2550 gallons, to be of the horseshoe form 
with a well, with angle irons, stays, manhole, and coping as shown on 
drawings, to be constructed entirely independent of the frames and foot- 
plate. The whole of the plates, angle irons, and stays to be of BB Stafford- 
shire iron. All the joints to be made with butt strips, and the rivets to be 
countersunk on the outside and filed smooth ; care must be taken that the 
holes are perfectly fair with each other in all plates and angle irons, and 
that the rivets completely fill the holes. The manhole to be fitted with a 
lid and strainer. Two water-tight tool boxes of wrought iron, lined with 
wood, are to be fixed on the tank. The mouths of feed pipes to be pro- 
tected by copper rose-boxes. The feed cocks of hard brass are to be 
provided with suitable sectors and handles worked from the foot-plate. The 
tank is to be fixed to the framing in the manner shown on drawings. 

Dimensions. 

ft. in. 

Length of tank, outside 182 

Width „ „ 71 

Height „ „ ...,.: 3 6 

Between arms of horseshoe 36 

Length of 1, ^ ......70 

„ well outside 116 

Width „ „ 3 6i 

Depth » M 16 

Height of coping above tank o 10 
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ft. to. 

Thickness of side, back, and coping plates . ..00} 

,• inside of horseshoe and top and bottom plates o o^\ 

Section of angle iron for tank — 2J in. by 2 J in. by | in. 

„ „ „ stays — 2^ in. by 2| in. by | in. 

„ stays — 6 in. by f in. 

Diameter of rivets o oj 

Pitch „ o if 

Diameter of manhole, inside 16 

Height „ above tank 09 



If 

9f 



u — Outside frames and buffer plates to be of Yorkshire iron, 
frame-plate quality, by the same makers as the engine frames ; each frame 
to be in one length, without weld, and finished with a good smooth surface, 
angle irons of the sections shown to be securely riveted to the frames. Inside 
frames, vertical and horizontal transverse stays of BB Staffordshire iron, 
draw pin washers, and foot>steps, are to be placed as shown on drawings. All 
holes are to be marked from one template, and drilled and rhymed out to 
the exact size. 

Dimensions. 

ft. to. 

Thickness of outside frame 00^ 

Depth „ „ open 2 11 

Distance from front end of frame to leading axle .40 

leading axle to middle „ ..60 

middle „ trailing ft * .60 

trailing „ hind end of frame .34 

Extreme length 19 4 

Distance apart 5 8f 

Height of top of frame from rail 4 i i 

Thickness of inside frame o o| 

Depth „ >i < and 

L I I 

Length „ „ ^7 H 

Distance apart 38 

Thickness of vertical and horizontal transverse stays . . o oj 
Section of angle iron for stays, 2J in. by 2^ in. by ^ in. 

Length of buffer plates 76 

Depth J, n 14 

Thickness „ „ leading end . . . . o of 
„ „ „ trailing end . ..01 

Thickness of foot-plate o OyV 

Extreme width of foot-plate 7 10 

Bvifoni and Draw-gear. — ^Buffers on trailing end of tender to be in 

F 2 
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respects similar to those on the engine ; buffer spindles at leading end to 
be of wrought iron case-hardened, and to be guided in cast iron sockets. 
The draw-bars, safety links, and coupling chains to be of best chain 
cable iron. Trailing draw-bar to be arranged to radiate, and to have an 
india-rubber spring. No. 6, of George Spencer and Co.'s make, and to be 
fitted with a shackle and coupling chain, and screw coupling. 

Dimensions. 

Distances of centres of buffer spindles apart 

„ „ buffers apart .... 

Height of centre line of buffers from rail . 



ft. 


in. 


3 
5 


3 
8 


3 


5 



Kaad-raily 7illar8« Iiamp-ZronSf te. — ^A hand-rail and pillar to be 
placed on each side of the foot-plate, as shown, and fixed to the tank and 
foot-plate. Three lamp-irons, one gong-iron, pulleys for communication 
cord, and a brass number-plate, to be fixed on the tank in the position shown 
on drawings. 

Bprixigs. — Bearing springs to be of the very best spring steel, by the 
same makers as engine springs, and to be similarly tested. They are to 
be connected by links to brackets riveted to the frames by turned cold 
rivets of Lowmoor iron. Brackets, links, buckles, and pins, to be of best 
Yorkshire iron, and the working surfaces must be well case-hardened. A 
laminated buffing spring of similar quality to the bearing springs is to be 
arranged at the leading end of the tender, as shown on drawings. 

Dimensions. 
Bearing Springs. 

ft in. 

Length, loaded 36 

Camber o 3g 

Breadth of plates 04 

Thickness „ o oj 

No. of plates in leading and middle springs — 11. 
„ „ trailing springs — 1 2 . 

. Buffing Spring. 

ft. in. 

Length screwed up 33 

Camber „ o Si 

Breadth of plates o Si 

Thickness — i plate | inch and 16 plates f inch. 



-boxes. — Axle-boxes to be of good tough cast iron, and to be care- 
fully fitted with gun-metal bearings lined with white metal, wrought iron 
covers, and keeps of cast iron arranged for spring lubricating pads. 
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Kom-blocks. — Horn blocks to be of cylinder metal as hard as can be 
worked, secured to the frames by turned bolts a driving fit ; they are to have 
cast iron distance blocks and securing bolts, as shown on drawings. 

Axles. — To be of crucible cast steel of Vickers*, Cammell's, Taylor's, or 
other approved manufacture, all corresponding parts to be of the same size, 
and made to a template, so that they may be interchangeable, and each 
axle must be clearly stamped with the brand and the maker's name. The 
journals must on no account be swaged down, but turned from the solid 
metal. 

Dimensions. 

ft. in. 

Diameter in middle 06 

„ on wheel seat 06^ 

„ of journal o Si 

Length of journal 09^ 

Distance apart of centre of journals . . . .64 

Wheels. — ^To be of wrought iron, of the best materials and workman- 
ship, with solid rims, spokes, and bosses. The spokes to be made in a 
similar manner to the engine wheel spokes. The wheels to be put on axles 
— ^before the tires are shrunk on — ^by hydraulic pressure of not less than 
60 tons, and then properly keyed. 

Dimensions. 

ft. in. 

Diameter on rim 33 

Width of rim o 45 

Thickness of rim o if 

Number of spokes — 11. 
Section of spokes at boss — 4 in. by if in. 
„ „ rim— 3 J in. by i| in. 

Diameter of boss 12 

Width of boss 07 

Diameter of hole in boss . , o 6| 

Tires. — ^To be of crucible cast steel of Vickers', Cammell's, Taylor's, 
Monkbridge, or Bowling Iron Company's manufacture, of the same sec- 
tion as driving and trailing tires, and to be fixed to the wheels in a similar 
manner. 

Dimensions. 

ft. in. 

Diameter on tread 39 

Width o 5f 

Thickness (finished) 03 

Distances between tires 4 sf 
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u — A powerful brake to be fitted to the tender, having a brake 
block to each wheel ; to be worked by a screw, as shown. All the brake 
gear to be of best scrap iron, and the pins and working surfaces to be 
thoroughly case-hardened. The handle for the brake to be on the left-hand 
side of tender, and to work in a cast iron column attached to the tank. 

Bolts and Vuts. — ^To be similar in all respects to those used on the 
engine. 

Painting. — ^Each engine and tender is to be painted in the following 
manner : — ^The boiler, before being lagged, to receive one coat of boiled 
oil and one coat of thick red-lead ; the inside of tender tank to have two 
coats of thick red-lead. The lagging plates, cab, splashers, outside frames, 
tank plates, and wheels to have one coat of lead colour, then to be thoroughly 
stopped and filled up and rubbed down, one coat of lead colour, two coats 
of olive green, then to be panelled and lined to pattern, and afterwards to 
have three coats of best engine copal varnish, to be properly rubbed down 
between each coat. The buffers and buffer plates to be similarly prepared 
and painted vermilion ; inside of frames and axles to be finished with one 
coat of vermilion and one coat of varnish. The frames, smoke-box, chimney, 
fire-box casing, ash pan, coal space, foot-plate, bottom of tank, brake work, 
&c,, to have three coats of japan black. 



SPECIFICATION FOR LONDON AND NORTH WESTERN 
RAILWAY.— COMPOUND EXPRESS LOCOMOTIVE ENGINE. 

Designed by Mr. Francis W. Webb, of Crewe. 

Three-cylinder Compound Express Passenger Locomotive. 

Cylinders. 



in. 



Two high-pressure outside cylinders . . j q*^^^ ^' * '^ 

One low pressure inside cylinder . ••lev 
Joy's Valve Motion. 

Wheels. 

ft. in 

Diameter of leading wheels, with radial axle-box . .36 
Diameter of front driving wheels (low-pressure cylinder) . 6 6 
Diameter of hind driving wheels (high-pressure cylinders) 6 6 
Distance between leading and front driving wheels ..94 
Distance between front driving and hind driving wheels . 8 3 
Total wheel base ^7 7 



COMPOUND LOCOMOTIVE ENGINE. 7* 

Boiler. 

ft. b. 

Length of barrel 9 lo 

Mean diameter of barrel, outside 4 ItV 

Length of fire-box, inside — 4. ft. 9 J in. at top, 4 ft. ic>i in. 
at bottom. 

Width of fire-box, inside 3 5a 

Height of fire-box from top of fire-bars to crown • • 5 Si 

Length of tubes between tube plates . . . 10 i 

Diameter of tubes, outside o if 

Number of tubes — 198. 

Heating Surface. 

Rqture ft. 

Fire-box io3'5 

Tubes 980 

Total 1083-5 

Area of fire-grate 17-1 

Ratio of heating surface to grate area = 63*35 ^^ <• 

Weight. 

Weight of engine when empty 3475 tons. 

Weight of engine when in working order — 

Leading wheels .... 10*40 tons. 

Front driving wheels . 14*20 tons. 

Hind driving wheels . 13*15 tons. 

Total 37*75 tons. 

The high-pressure slide valves are of the Trick or Allen type, which give 
double the lead shown at the edge of the port when the piston is at the 
end of its stroke ; they have a travel of 3 J inches in full forward and back- 
yntid gear. The lap is f inch and the lead i| inch ; the port opens f inch 
for admission, and closes at 70 per cent, of the stroke. The sizes of the 
ports in the cylinders are, steam, ij inch by 9 inches; exhaust, 2^ inches 
by 9 inches. The low-pressure cylinder : the travel of the valve in full 
gear is 4^ inches ; lap of valve, i inch ; lead, -^ inch ; the pore opens i inch 
for admission, and is closed at 75 per cent, of the stroke, and the exhaust 
closes at 93 per cent, of the stroke. The sizes of the ports are, for steam 
2 inches by 16 inches; exhaust, 3 J inches by 16 inches. With regard to 
the degree of expansion at which the engine is worked, in practice the 
low-pressure cylinder is kept nearly in full gear, while all the expansion is 
done in the small high-pressure cylinders, so that no more steam is used 
than is absolutely necessary to do the work. The two high-pressure 
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cylinders have their steam-chests placed underneath, in order to allow the 
valves to fall from their faces ; so that there is no wear when the steam is 
shut off. These two cylinders are attached to the outside frame plates 
immediately under the foot-plate, about midway between the leading and 
middle wheels, and are connected through their piston-rods and connect- 
ing-rods to the trailing wheels. The low-pressure cylinder, which has its 
steam-chest on the top, is placed directly over the leading axle, and is 
carried between two cross steel plates, one at either end, securely fixed 
between the main frames ; its connecting-rod lays hold of a single throw 
crank on the axle of the middle pair of wheels. The steam is supplied 
through the regulator in the dome to a brass T-pipe on the smoke-box tube- 
plate, and thence by two 3-inch copper steam pipes, first running parallel 
to the tube-plate, then through the back-plate that carries the low-pressure 
cylinder, and between the plates of the inside and outside frames, to the 
steam-chests of the high-pressure cylinders. The exhaust steam from 
these cylinders is returned by two 4-inch pipes, running parallel with the 
high-pressure pipes, through the back-plate that carries the low-pressure 
cylinder and into the smoke-box ; following round the curved sides of the 
smoke-box nearly to the top, each pipe passes across to the opposite side, 
and enters the steam-chest of the low-pressure cylinder through passages in 
the oover. Thus the exhaust steam becomes superheated in these pipes by 
the waste gases in the smoke-box, while the large capacity of the pipes them- 
selves obviates the necessity for a separate steam receiver. The final 
exhaust escapes from each side of the steam-chest of the low-pressure 
cylinder into the blast-pipe, and thence to the chimney in the usual way, 
the only difference being that there are only half the number of blasts for 
urging the fire compared with an ordinary engine; yet the compound 
engine steams very freely, and has a blast pipe of 4I inch diameter for the 
final exhaust, compared with 4^ inches in engines of the ordinary type. The 
steam-chest cover of the large cylinder is provided with a relief valve, so 
adjusted that the pressure admitted may never exceed 75 lb. per square 
inch ; and a small pipe, which is connected to the low-pressure steam pipe, 
and carried back to a gauge fixed inside the cab, shows at a glance the 
actual pressure of steam being used in the large cylinder. Arrangement 
is also made whereby steam direct from the boiler can be admitted to the 
low-pressure cylinder, which is useful for warming up before starting. The 
journals of the leading axle are 10 inches long and 6 inches diameter ; while 
those of the front driving-axle are 13^ inches long and 7 inches diameter, 
with crank journal 5I inches long and 7f inches diameter; and thetrailing- 
axle journals are 9 inches long and 7 inches diameter. The average con- 
sumption of coal, per train mile is 26*6 lbs. 



EXPRESS LOCOMOTIVE— GREAT WESTERN RAILWAY. 73 



SPECIFICATION FOR EXPRESS LOCOMOTIVE ENGINES- 
GREAT WESTERN RAILWAY. 

These Engines were made at the Swindon Works of the Great Western 
Railway Company ^ from the designs of the late Mr. Armstrong, 

Locomotive Superintendent, 

The principal Dimensions are as follows: — 

Boiler. 

ft. in. 

Length, — ^Lowmoor iron to 6 

Diameter, inside 4 li 

Thickness of plates o o^ 

,, of tube plate o of 

Angle iron 4i x Si 

Diameter of rivets o o| 

Distance of centres C) if 

Number of stays, 7 ; diameter 01 

Outside Fire-box. 

ft. io. 

Description — Lowmoor iron. 

Length, outside 64 

Breadth, „ 40 

Height above boiler — ^flush. 

Depth below „ 3 3i 

Thickness of plates o o| 

Diameter of rivets o of 

Distance of centres i if 

Number of stays, 2 ; gusset. 

Distance of copper stays apart ^41 

Diameter o o| 

Inside Firs-box. 

ft. in. 

Description — copper. 

Length, outside 5 9i 

Breadth, „ 3 6^ 

From top of box to grate 5 9i 

From bottom of box to top of grate . . . • ^ 3 
Side water spaces 
Front „ „ 
Back 



»» » 



pin. 



Thickness of plates — ^Back plates, -^ in. ; lapping do. \ in. 

„ of tube plate — \ in. at top, \ in. at bottom. 
Fire door 15 inches x 12 inches 
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ft. in. 

Number of stays, 104 ; vertical stays, diameter . . o i J 

Number of fire bars, 44 ; distance apart . . . . o of 

Diameter of rivets o of 

Distance of centres o i| 

Area of fire-grate sq.ft. 17 o 

Superficial area of box sq. ft. 133 o 

Diameter of steam pipe, inside 04} 

Tubes. 

ft. in. 

Description — ^iron. 

Length 10 iij 

Diameter, outside o if 

Distance of centres, 2} in. vertical, 2 in. horizontal. 
Number, 15 W. G. 
Number, 250. 

Sectional area sq.ft. 1145 6 

Superficial area sq. ft. 1278 6 

Smoks Box. 

ft. in. 

Description— circular. 

Length, outside ^ 7i 

Breadth, outside 50 

Depth below boiler o 4J 

Thickness of plate o oj 

Diameter of rivets o oj 

Distance of centres 03 

Chimney. 

ft. in. 

Diameter, taper i ft. 4 in to i 6 

Height of top from rail 12 loj 

Thickness of plate o oj 

Blast Pipe. 

ft. in. 

Description— cast iron. 

Diameter at top, inside o Si 

Size at bottom i*5X9i 

Height 30 

Injectors, two No. 8. 

Safety Valves. 

ft. in. 

Description— brass, i lever, i lock. 

Diameter 04 

Centres of valves o Si 

Centres of levers 3 ^ in., 2 ft. 8 f| in. 
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Cylinder. 

ft. in. 

Diameter i 6 

Stroke 20 

Distance of centres 26^ 

Distance below boiler 14 

Distance of centres of valve spindles . . . • o 5^ 

Diameter of „ „ „ o '1 

From centre of cylinder to centre of valve spindle i of 

Number of bolts in front flange, 14 ; diameter . . o o| 

„ „ back ,, 8; diameter . ..00} 

Thickness of cylinder 01 

Diameter of piston rod 03 

Depth of piston 04 

Description — cast iron. 

Depth of packing ring o oj 

Distance between inside of ports 22 

„ „ „ of covers 18 

Ports. 

ft. in. 

Size of steam port 16 inches xo i| 

Size of exhaust port 16 inches xo 3I 

Thickness of bridge 01 

Slides. 

ft. in. 

Travel o 4I 

Lead — ^fore gear, ^ in. ; back gear, ^^ ^• 

Steam overlap o i| 

Eduction overlap — mi. 

From face of slide to centre of spindle . . . o o| 

EXCENTRICS. 

ft. io. 

Description — cast iron. 

Throw .0 3i^ 

Diameter ^ ^t 

Number, 4. 

Breadth o 3i 

Diameter of weigh bar for lifting ezcentric rod . '03^ 

Regulator. 

ft. in. 

Description — cast iron. 

Steam way — ^two ports • . . • • i inch x o 6} 
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iMoTiON Bars. 

ft. in. 

Length inside 3 ^i 

Breadth 05 

Distance apart o 10 

Depth at centre . . . 02J 

„ at ends . . o if 

Length of block 12 

Crosshead. 

ft. tn. 

Diameter of pin for blocks 03^ 

Diameter of boss for piston rod o 2f 

Diameter of socket for connecting-rod . . * o 3 

Length of „ 1, „ f, . . . . o 3J 

Driving Wheels. 

ft. in. 

Diameter 70 

Breadth of outside tire 05} 

Thickness of outside tire o 2 J . 

Height of flange o ofj 

Inside tire — ^breadth o 4I 

„ ,, thickness 02 

Spokes — flat, 4^ in. at boss; ^l in. at rim. 
Number of spokes, 24. 

Thickness at top . . ^ o i| 

„ at bottom o if 

Distance of wheels apart 4 5a 

Cone of wheel, i in 15. 

Distance of Centres of Wheels. 

ft. in. 

Centre wheels from front wheels 8 6 

Centre wheels from hind wheels 90 

The Driving Axle is 6f inches diameter in the middle, and 8^ inches 
diameter where the wheels are on. — Crank Pin 7^ inches diameter, and 
4 inches long, inside bearing 7 inches diameter, and 6 inches long. Out* 
side bearingd, 6 inches diameter, and 9 inches long. Frame — extreme 
length, 25 feet; extreme breadth, 6 feet 9 inches; distance of centres of 
frame — inside, 4 feet o| inch; outside, 6 feet 6 inches; depth, i foot 
3 inches ; thickness, f inch inside ; f inch outside. Front wheels, 4 feet 
diameter; height of buffers from rail, 3 feet 4 inches : distance of centres 
of buffers, 5 feet 10 inches. 

Weight of engine in working trim, 32 tons 10 cwt. 
do. do. empty, 28 tons 10 cwt. 
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SPECIFICATION FOR MIDLAND RAILWAY, FOUR-COUPLED 
BOGIE EXPRESS PASSENGER LOCOMOTIVE ENGINE. 

NUMBER 1668. 

Designed by Mr. S. W. Johnson, Locomotive Superintendent. 



Cyiimttn- ft. in. 

ofcylinden • < 7 

Stxokc 9 a 

Length of ports ' 'I 

Width of ttcam ports o i| 

Width of exhaust ports •04 

Distance apart of cytinders, centre to centre 9 o 

Lap of slide valve o i| 

Lead of slide valve o 0|*c 

Diameter of pbton-rod (steel) ..09} 

Length of slide bkxks . o 10 

Length of oonnectiag-rod between centres 6 af 

Wheth and Axles - 

Diameter of driving wheel on tread ..70 
Diameter of trailing wheel 00 tread . .70 
Diameter of bogie wheels on tread^ ..36 
Distance from centre of bo|ne to driving . 10 o 
Distance from cemre of dtiving to trasling 8 6 
Distance from driving to front of fire-box . x 8| 
Distance from centre of bogie to front 

bnSer plate 53 

Distance from trailing to back baffer plate a 4 
Wheel base of bogie 60 

Crank Axle {Irony— 

Diameter at wheel seat . . . . o 

Diameter at bearings o 

Diameter at centre . .0 

Distance between centres of bearings . . 3 10 

Length of wheel seat o 6i 

Length of bearings 09 

TraUing AxU {Steely 

Diameter at wheel scat . o 8 j 

Diameter at bearings 07] 

Diameter at centre o 7I 

Length of bearing ..09 

Diameter of ootside coupling pins '0 3^ 

Length of ditto 03} 

Throw of ditto to 

Bof;te Axle* {Iroiiy— 

Diameter at wheel seat . . . . o 

Diameter at bearings o 

Diameter at centre 05] 

Length at wheel seat 06 

Length at bearing 09 

Distance between centres of bearings ..37 

Thickness ofall tires on tread • .09} 
Width of all tires 05} 

Frmmee — 
Distance apart at leading end . . 3 xil 

Ditto at trailing end ^ 4 tf 

Thidcness of frames (iron) . .ox 

Ontre of boiler from rml ..74 

Length of barrel 10 

Diameter of ring next to fire-box . ••43 
Thickness of plates (iron) . . o ' 

Thickness of smdce-box tube plate . . o 
Lap of plates . . . . o 91 

Pitch of rivets 0x1 

ofriTets o o|| 



ft. h. 
Thicknem of butt strips, ootsid« . . . o o| 
Thickness of butt strips, inside . • . o oA 
Width of butt strips 071 

Fire-hex SkeU— 

Length outside 5 xx 

Width outside at centre line of boiler ..44 

Ditto at bottom 4 o^ 

Thickness of front plates . . . . o oA 
Thickness of back plates . . o ol 

Thickness of side plates . . . . o ^ 
Distance apart of copper stays . •04 

Diameter of copper suys • . . o o| 

Ituide Fire-hex-' 
Length at bottom,^ inside . . . • 5 3 

Width at bottom, inside . . • • 3 4l 
Top of box to inside of shell . . .13 

Depth of box inside, front . . . . 5 xi| 
Depth of box inside, back . . • 5 4t 

Tubes (0»/^>- 

X75 diam. . . o xl 

30 „ . . O If 

Total No. of tubes, 905 

l*hickness, 11 and 13 b.w.g. 

Diameter of exhaaM nozzle . . . . o 4I 

Height from top of top row of tubes . .00* 

Height of chimney from rail . . • • X3 it 

Heating Surface — sq. ft. 

Tubes ioix*459 

Fire-box 110*163 

Total xi3i'69a 

Area of grate \^\ 

Engine Empty-^ tons. cwt. qrs. 

Bo^^ie X3 X4 9 

Driving X3 I9 9 

Trailing xa 4 x 

Total 39 XX X 

Engine in Working Order— 

Bogie X4 x6 3 

Driving x5 o 3 

Trailing xa 18 3 

Total 49 x6 X 

Tender Em/ty-^ 

Leading 6 xo o 

Middle 669 

Trailing 609 

Total x8 x7 o 

Tender in Working Order— 

Leading xo 17 3 

Middle I9 5 x 

Trailing 19 o o 

Total 35 3 o 

lb. 

Adhesion 19,544 

Traaive power at xoo lb. mean pressure 11,173 



7S THE WORKS MANAGER'S HAND-BOOK. 

These engines are employed in working the express traffic between 
London and Nottingham, the average speed being 53*5 miles an hour, 
with loads of nine to ten coaches. The consumption is only 27 lb. to 
29 lb. per mile, of common Derbyshire coal. The heaviest gradients are 
I in 119 for three-and-a-half miles, and about five miles of other gradients 
of I in 162 to I in 177. These engines also work the Leeds and Derby 
mail with sixteen to eighteen coaches, speed forty-five miles an hour, 
with a bank of five-and-a-half miles of i in 100 on the line between 
Sheffield and Dronfield. 

The valves are placed on the top of the cylinders, as there is no room 
between them, and are worked by Joy's Valve-gear. 

Joj'b Valve-Ctear dispenses with eccentrics and is largely used for 
locomotive engines ; its principle may be seen from the following diagram.* 










A slotted quadrant works on a fixed centre A. It can be placed in any 
position by the reversing lever, as shown. The rod B. has one end jointed 
to the valve rod ; the other is jointed to a die in the quadrant slot. B. is 
coupled to the connecting rod by the link C. ; as the engine moves the die 
is pushed up and pulled down in the quadrant slot. In the position shown 
by the dark lines it is clear that the up-and-down motion would produce 
no movement of the valve rod, but when the quadrant is in the position 
shown by the dotted lines, then the rise and fall of the die will cause a back- 
and-forward motion of the valve rod, and reversing can be effected by 
altering the angle of the quadrant. 

• The Author is indebted to " The Engineer '* for this information and diagram. 
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SPECIFICATION FOR EXPRESS PASSENGER LOCOMOTIVE 
ENGINE, LONDON AND BRIGHTON RAILWAY. NUMBER 214. 

Designed and consiruciid by ^Ik,^ , Stroudlzy, Locomotive Superintendent 
of the London^ Brighton^ and South Coast Railway , for working 
fast trains. 

Cylinders (i in i\\ Inclination). 

ft. in. 

Diameter of ^ ^\ 

Stroke 22 

Length of ports 13 

Width of steam ports o 1 1 

Width of exhaust port 02 

Distance apart of cylinders from centre to centre ..21 

Valves (i in 15 inclination). 

ft. in. 

From centre to centre of valves 15 

From centre to centre of valve spindles . . . . i oj^ 

Lap of slide valve o oj- 

Lead o Oy»y 

Maximum travel of valve 03^ 

Motion. 

ft. in. 

Link, radius 47 

Link, centres 15 

Intermediate valve rod, diameter o 3a 

Valve spindle, diameter 02 

Excentric rods, length 47 

Excentric pulleys, diameter 14 

Width of forward excentric o 2| 

Width of backward excentric o 2^^ 

Throw of excentric o Si 

Connecting-rod centres 6 6 

Diameter of piston rod o 2f 

Slide block, length on 

Slide block, width 03 

Frames (Steel). 

ft in. 

Distance apart 4 li 

Thickness of frames ox 

Distance of foot-plate from rail 40 

Width of foot-plate 76 

Thickness of foot-plate o oj 
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Boiler. 

ft. in. 

Centre of from rails 75 

Length of barrel 10 2 

Diameter outside 46 

Thickness of plate, iron o o| 

Thickness of smoke-box tube plate . . . .01 

Lap of plates, circular seams 02} 

Pitch of rivets 02 

Diameter of rivets o of 

Longitudinal Seams. 

ft. in. 

Double butt straps, double riveted, 9} in. wide by -^ in. 
thick. 

Diameter of rivets o o| 

Pitch of rivets 03I 

Strength of joint, 82 per cent, of strength of plate. 

Fire-box Shell (Iron). 

ft. in. 

Length outside 6 8|^ 

Breadth outside, bottom 41 

Depth below centre line of boiler at back . .43 

„ ,• „ at front . . ..56 

Thickness of front plates o of 

„ back plates o of 

„ side and top plate o o| 

Distance of copper stays apart 03^ 

Diameter of copper stays o o| 

Inside Fire-box (Copper). 

ft. in. 

Length inside, bottom 5 ii| 

Breadth „ „ 3 4? 

From top of box to inside of shell 14 

Thickness of plate o of 

Tube plate, -f in. and x in. 

Depth of box inside, front 5 10 

II 99 back 4 6i 

Tubes (Steel). 

ft. in. 

Number of — 331. 

Length over all 10 8^ 

Diameter, outside o i^ 
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ft. in. 

Thickness, No. 14 BWG. 

Diameter of blast pipe o 4I 

Height from top of blast pipe to bottom of chimney . . i 6 J 
Height of top of chimney from rail . . .132 

Heating Surface. 

•q. ft. 

Of tubes X372'92 

Of fire-box 1 12*48 

Total 1485*40 

Grate area 20*65 

Wheels and Axles. 

ft. in. 

Diameter of driving wheel 6 6 

Diameter of leading wheel 6 6 

Diameter of trailing wheel 46 

Distance from centre of leading to driving wheel , . j j 
Distance from centre of driving to trailing wheel .80 

Distance from driving wheel to front of fire box . . . i 10} 
Distance from leading wheel to front buffer plate . 5 10 

Distance from trailing wheel to back buffer plate ..44 

Crank Axle (Steel). 

ft. in. 

Diameter of wheel seat 08^ 

Diameter of bearings 08 

Diameter at centre o 7i 

Diameter of crank journal o 8 J 

Distance between centres of bearings . 3 11^ 

Length of wheel seat o j^ 

Length of journal o 8| 

Length of crank journal 04 

Trailing Axle (Iron). 

ft. in. 

Diameter at wheel seat 08^ 

Diameter at bearings 08 

Diameter at centre o 6 J 

Length of wheel seat o 7-1^ 

Length of journals o 8f 

Leading Axle (Iron). 

ft. in. 

Diameter of wheel seat 08^ 

Diameter at bearings 08 

o 
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ft. in* 

Diameter at centre 07 

Length at wheel seat 07^ 

Length at bearing 08 

Centre to centre of bearings . . . • • 3 ^'i 

Thickness of all tires on tread 03 

Width of all tires on tread o si 

Diameter of outside coupling pin 04 

Length of outside coupling pin o 4i 

Throw of outside coupling pin 09 

Weight of Engine in Working Order. 

tons cwts. 

Leading wheels '3 '^ 

Driving wheels U 10 

Trailing wheels ^o 8 

• ^— ^— ■ 

Total 38 14 



Tender — ^Tank. 

ft. in. 

Length outside 20 o 

Breadth outside 60 

Depth outside 3 ^ 

Thickness of side plates o oA 

Thickness of top plates o o^ 

Thickness of bottom plates o o^ 

Total capacity in gallons — 2250. 
Coal bunker capacity — 2 tons. 



Frames (Steel). 

ft. in. 

Distance apart of 4 i i 

Thickness of frames o o| 

Distance of foot-plate from rail 40 

Width of foot-plate 76 

Thickness of foot-plate o ofy 

Wheels and Axles. 

ft. in. 

Diameter of centre wheels 46 

Diameter of leading wheels 46 

Diameter of trailing wheels 46 

Distance from centre of leading to centre of centre 

wheels > 7 o 

Distance from centre of centre wheels to centre of trail- 
ing wheels 7 o 



DIMENSIONS, ETC, OF RAILWAY WAGONS. 

Axi.ES. 

ft. in. 

Diameter at wheel seat 07^ 

Diameter at bearings 07 

Diameter at centre o 6|^ 

Distance between centres of bearings • 3 i > 4 

Length of wheel seat o 7^ 

Length of journal o 8| 

Weight in Working Ordee. 

tons cwtL ^l"* 

Weight on leading wheels 921^ 

Weight on centre wheels 921^ 

Weight on trailing wheels 921^ 

Total Weight 27 7 o 
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Table 3.— Dimensions, Weights, and Capacities of Railway Wagons 

ON Different Lines. 
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0ap«r-6l0T»tion of Bails on Bailwaj Onrvoo.^ — ^AU moving bodies 

have a tendency to continue their motion in a straight line; therefore, whe.*i 

a railway train moves in a curve the centrifugal force produced by the 

velocity urges the carriages towards the outer rail, which it is necessary to 

elevate above the inner one in order to counteract the centrifugal force. 

The super-elevation of the outer rail required for trains of different speeds 

is given in the following table : — 

o 2 
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Table 4. — Super-elevation of the Outer Rail on Railway Curves. 
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GAS ENGINES* 

Until within the last few years a strong prejudice existed amongst 
engineers against the use of gas engines. This arose from the unsatisfactory 
working of the early engines of this kind. Since the introduction of the 
*' Otto " gas engine this prejudice has been gradually disappearing. The 
great success of the " Otto " engine, since its introduction by Messrs. 
Crossley Bros., of Manchester and London, shows that whilst the steam 
engine has almost reached its limit of improvement, the gas engine offers a 
possibility of improvement in efficiency and economy, about double that 
attainable by the steam engine. 

Apart from their superior economy, gas engines possess many advantages 
over small steam engines. No boiler is required for a gas engine ; it can 
be started at a moment's notice on lighting a gas jet and turning a fly 
wheel, and stopped by turning the gas off. No extra insurance is charged 
by the leading insurance companies. Gas engines can be fixed in the 
upper storeys of a building without danger from fire. They are more 
regular in speed and more easily managed than a steam boiler and engine. 

* The Author is indebted for this information to Mx. Robert Wilson, 24, Poultry, 
LoodoD* 
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In instituting a comparison of the consumption of fuel in a gas engine 
and a steam engine, nothing may be more misleading than to take the cubic 
feet of gas and the pounds of coal respectively, per horse-power when the 
engines are working up to full power. A steam engine, and a boiler that 
consumes 5 lb. coal per horse-power when working up to 12 horse-power 
may consume fully one half that amount when driving the engine itself 
only. But in the case of a gas engine the quantity of gas required to drive 
the engine only is but ^ to J of that required to drive it with all its work 
on. In varying and intermittent work, the quantity of fuel consumed varies 
according to the work done much more nearly in a gas engine than in 
a steam engine. It is this fact, so often overlooked, which accounts for 
the unexpected superior economy of the gas engine. 

The following explanation of the manner in which a gas engine works 
may not be altogedier out of place. It is known to every one that if a gas 
tap is left turned on overnight and the gas is allowed to escape into the 
room, the striking of a match or bringing a lighted candle into the room 
will probably cause a violent and disastrous explosion. A mixture of from 
7 to 12 parts of air to i of gas may be ignited at atmospheric pressure. 
Such a mixture forms an explosive compound which may prove dangerous 
when filling a room, but may be made a very useful servant when confined 
in a cylinder with a movable piston. 

If ignited under pressure considerably above that of the atmosphere, still 
weaker mixtures can be employed. This is one reason why compression 
engines like the " Otto " are more economical than the non-compression 
engines, which are not, as a rule, made in sizes over 2 horse-power. 

The " Otto " may be regarded as the parent or prototype of gas engines 
over 2 horse-power, and as the makers guarantee an economy of from 25 to 
70 per cent, over other engines it may still be considered the best. 

In general appearance it resembles a horizontal steam engine, but here 
the resemblance ceases. It is single-acting, the cylinder being open at the 
front end. The engine acts alternately as a pump for drawing in and 
compressing its charge, and as a motor for utilising this charge when fired. 
The fly-wheel makes two complete revolutions for every charge of gas 
admitted. The first outstroke draws in the compound charge ; by the first 
instroke the charge drawn in by the previous outstroke is compressed to 
about one-third its volume ; at the end of this first instroke or the beginning 
of the second outstroke, the compressed charge is ignited, when the expand- 
ing gases propel the piston to the end of the stroke ; and the second instroke 
expels the products of combustion and completes the cycle of operations 
which are continually repeated when the engine is working up to its full 
power. When the engine is working within its power, the gas is temporarily 
cut off by the governor, and the engine simply works as a pump for 
drawing in, compressing and expelling the air. 

The "Otto" engine differs also in other respects from all other gas 
engines previously made. The charge to be ignited is not a unifor.n 
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mixture of gas and air, bat consists of a compound charge of incombustible 
gas, i.e, combustion products or air next the piston combining gradually 
with a mixture of gas and air that becomes stronger and more readily 
ignitable as it reaches the point where it is fired. The effect of this 
so-called stratification is that whilst the charge is as easily ignited as a 
uniform charge of highly explosive mixture, the presence of a large 
quantity of diluent, causes the combustion of the complete charge to be 
effected gradually. The result of this is most important. In the first place 
it prevents the sudden shock that occurs when a uniform mixture is ignited, 
and which is a sure indication of waste. In the second place, it ensures 
the pressure being sustained to the end of the stroke. 

The " Otto " is the first gas engine in which the whole length of the 
stroke has been utilised for propelling the piston. 

The initial pressure of the gas in the cylinder when ignited at the be- 
ginning of the stroke is about 170 lbs. per square inch. The gases expand 
to a pressure of about 35 lbs. at the end of the stroke. The average pressure 
is about 70 lbs. per square inch on the piston. 

The consumption of gas varies from 18 cubic feet per indicated horse- 
power in the largest sizes of engines to 25 cubic feet in the smallest. 
With gas at 4x. per 1000 cubic feet, this corresponds to a working cost of 
about one penny per indicated horse-power per hour. For engines work- 
ing up to 20 horse-power, the cost of working is generally greatly in favour 
of a gas engine wiUi coal and gas at the respective prices prevailing in 
London. For engines of larger size, in order to compete in economy with 
steam where coal is comparatively cheap, gas other than that supplied for 
lighting must be employed, such as the Dowson Economic Gas. This is 
a so~cal1ed water gas, and can be made at a cost of three-pence per 1000 
feet. In an " Otto " using this Dowson gas, the consumption is as low as 
I J lb. of anthracite coal per indicated horse-power per hour, — an economy 
of working not yet reached by a small steam engine. 

Table 5. — ^The " Otto" Engine is made of the following Sizes: — 
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Wtlb, the exception of the ^ and i H. P. sizes, which ran at a speed of 
1 80 revolutions per minute, these engines are all speeded to run at 160 
revolutions. 

Instraetioiui fbr P&dng the ** Otto " Qmm Engine. — ^Always leave 
plenty of room to get at the fly wheel for starting. These engines, with 
the exception of the larger sizes, are frequently fixed on the upper floors of 
buildings, where they require no special foundation. When fixed on the 
ground floor or basement, no special foundation is necessary if the floor is 
concreted. Where there is only loose earth, stone blocks of from 9 inches 
to 12 inches thick should be laid at each end, or about 6 inches or 9 inches 
of concrete for the smaller sizes. For the larger engines, concrete 1 2 inches 
to 24 inches thick, or a stone bed about 24 inches thick, is required. 

For holding down, Lewis bolts are used with stone. When new concrete 
beds are laid, it is advisable to place a tube about 2 inches diameter 
temporarily round the bolt when filling in, to allow it to have a certain 
amount of play when the tube is withdrawn, so that the bolt can adapt itself 
to the position of the hole in engine bed when it is let down over the bolts. 
In cases ^ere the concrete is already laid, bolts of sufi&cient length may 
be firmly fixed by arranging them head downwards in a hole made large 
enough to receive a stout washer, 4 inches to 6 inches square, which rests 
on the head at the bottom of the hole. This is filled in with cement, 
which holds the bolt firmly in position. 

As gas engines are often placed in dwelling houses, underneath offices, 
and in other places where no one would dream of fixing a steam engine 
and boiler, great care is often necessary to prevent the noise that is inse- 
parable from the working of quick-running machinery, being conveyed to 
portions of the building where it would be objectionable. This can gene- 
rally be effected by isolating the engine bed completely from the walls of 
the building, and by insulating any pipes or other material that is likely to 
convey the sound. 

The Sises of CkuhPipee for the various engines are given in the table 
of the sizes of gas engines. In fixing gas-pipes, all sharp elbows should be 
avoided. 

The Pipe fbr the Slide-Light should be taken, if possible, from a 
separate meter, or at some distance from the gas-bag if taken from the same 
pipe that supplies the engine. This is to provide against the possibility of 
the slide-lights being sucked out by the working of the engine itself. 

The Ezhanet-Pipe should be carefully kept away from all woodwork, 
and on no account should the exhaust-box be placed on or close to wood, 
as the heat is likely to char it. The exhaust-pipe should be laid in such a 
manner that the water from condensation can easily flow away, and not 
lodge in the pipes to cause back pressure. The exhaust-pipe should dis- 
charge into the open air, not into a chimney, flue, or drain, lest damage 
arise from an accumulation of gas therein. 

The Water-Pipee should be arranged with an inclination of about 
I inch per foot from the engine to the water-vessel. 
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During frosty weather, a gas jet should be kept burning close underneath 
the cylinder, to prevent the water in the jacket from freezing. 

The engine is provided with a governor, which performs two distinct 
functions ; it cuts off the gas both when the proper speed is exceeded, and 
when the engine stops. The piston is so constructed as to be capable of 
perfect adjustment, it being of primary importance that the piston should 
not leak. 

Consnniption of Gas. — Regular working requires a certain proportion 
of gas to air, when the engine is working full power. The movement of 
the finger of the gas meter may be watched and the number of explosions 
counted, thus: — ^A ^ nominal horse-power engine should make, say, 145 
explosions per cubic feet of gas burned, and a i horse-power say 95 
explosions ; a 2 horse-power, say, 55 ; a 3^ horse-power, say, 40 ; a 6 horse- 
power, say, 19; an 8 horse-power, say, 16; a 12 horse-power, say, 11 ; and 
a 16 horse-power, say, 6 explosions. One explosion occurs after each lift of 
the small gas valve. When full gas is used, the engines indicate much 
beyond their nominal power — a 16 horse indicating up to, say, 40 horse, 
and others as stated in the above table. 

Fine sperm oil is found to be the best lubricant for gas engines. 



Table 6. — Showing the efficiency of an " Otto " Gas Engine com- 
pared WITH a Steam Engine, each developing 6 Actual Horse- 
power. 
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SECTION II. 



HYDRAULIC MEMORANDA: PIPES, PUMPS, 

WATER POWER, &c. 

Water is composed of oxygen and hydrogen, in the proportion of one 
part of hydrogen and eight parts of oxygen, by weight. 



Weight and Capacity of Water. 

A cubic inch of water = '0361 lb. 

A cubic foot of water = 62*42 lbs. 

A cubic foot of water = '557 cwt. 

A cubic foot of water = '028 ton. 

A cubic foot of water = 6*24 gallons. 

I cwt. of water = i*8 cubic feet. 

I cwt. of water =11*2 gallons. 

I ton of water =35*9 cubic feet. 

I ton of water =224 gallons. 

I lb. of water = 277 cubic inches. 

I lb. of water = o'i6 cubic ft. 

I cylindrical inch of water = '02 84 lb. 

I cylindrical foot of water = 49*10 lbs. 

I gallon of water = 10 lbs. 

II '3 gallons of water =112 lbs. 

224 gallons of water = 2240 lbs. 

1*8 cubic feet of water =112 lbs. 

35-84 cubic feet of water = 2240 lbs. 

277*274 cubic inches = i gallon. 

353 cylindrical inches = i gallon. 

Cubic inches multiplied by *cx:>36 = gallons. 

Cubic feet multiplied by 6*24 = gallons. 

Cubic inches divided by 277*274 = gallons. 

Gallons multiplied by '16045 = cubic feet. 

Cylindrical feet multiplied by 4*895 = gallons. 

I cubic foot of town's sewage = 62*42 lbs. 

I cubic foot of ice at 32° = 58 lbs. 

1 lb. of ice at 32® = 30*06 cubic inches. 
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I lb. of ice at 32° = '017 cubic ft. 

Water in freezing expands to the extent of 8| per cent. 

The specific heat of ice is one-half the specific heat of water. 

Ice 3 inches thick, will bear the passage of infantry; 5 inches thick, of 
cavalry and light guns. 

A cubic foot of fresh snow = 6 lbs. 

Snow has twelve times the bulk of water. 

A cubic foot of sea water = 64*10 lbs. 

Weight of sea water = 1*027 the weight of fresh water. 

35 cubic feet of sea water = i ton. 

I cubic yard of sea water weighs 1 5 cwt. i qr. 20 lbs. 

A column of water i inch diameter and 12 inches high = '341 lb. 

A column of water i inch square and 1 2 inches high = '434 lb. 

The capacity of a cylinder i inch diameter and 12 inches long = "034 
gallon. 

The capacity of a cylinder 12 inches diameter and 12 inches long = 
4*895 gallons. 

The capacity of a cylinder i inch diameter and i inch long = '00283 
gallon. 

The capacity of a i-inch cube = '0036 gallon. 

The capacity of a 12-inch cube = 6*24 gallons. 

The capacity of a sphere i inch diameter = '00188 gallon. 

The capacity of a sphere 12 inches diameter = 3*26 gallons. 

The cube of the diameter of a sphere in feet multiplied by 3*26 = 
gallons. 

Or the cube of the diameter of a sphere in inches multiplied by '00188 
= gallons. 

A column of water produces approximately a pressure of half a lb. per 
square inch, for every foot in height. 

Fressnre of Water. — ^The side of any vessel containing water sustains a 
pressure = to the area of the side in feet multiplied by half the depth in 
feet, that product multiplied by 62*5 will give the pressure in lbs. on each 
side of the vessel. 

The pressure in lbs. on the bottom of a vessel is = to the area of the 
bottom in feet multiplied by the depth of water in feet, that product multi- 
plied by 62*5 will give the pressure in lbs. 

Contents of Cistenui. — To find the number of gallons contained in a 
cistern. Multiply the length, width, and depth together, all in feet. This 
will give the contents in cubic feet, which multiply by 6*24, and the pro- 
duct will be the number of gallons. If the dimensions are in inches use 
'003607 in place of 6*24. 

Two dimensions of a cistern being given to find the thirds to contain a 
given number of gallons, multiply the required number of gallons by 
•16046 if the dimensions are in feet, or by 277*274 if the dimensions are 
in inches, and divide the result by the product of the two given dimensions. 
The quotient will be the third dimension required. 
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To find the number of gallons contained in a cylinder, multiply the 
square of the diameter in feet by the length in feet of the cylinder, and 
multiply the product by 4*895 ; or multiply the square of the diameter in 
inches by the length in feet, and multiply the product by '034 ; or multiply 
the square of the diameter in inches by the length in inches, and multiply 
the product by '00283. 

The diameter of a cylinder being given, to find the length, multiply the 
number of gallons by '2043, and divide the product by the square of the 
diameter in feet, and the quotient is the length in feet. 

The length of a cylinder being given, to find the diameter, multiply the 
number of gallons by '2043, and divide the product by length in feet, and 
the square root of the quotient is the diameter in feet. If the dimensions 
are in inches, use 353 in place of '2043. 



PUMPS. 

I. — ^When a pump lifts water it withdraws the pressure of 
the atmosphere from the surface of the water inside the suction-pipe, and 
the pressure of the atmosphere outside the suction-pipe forces up the 
water until the pressures inside and outside the suction-pipe become 
balanced. The distance the water is lifted is equal to the height of a 
column of water weighing 15 lbs. per square inch of area at its base, which 
is theoretically 34 feet ; but, as it is impossible in practice to make perfect 
joints and prevent leakage of air, a perfect vacuum is never obtained, and 
28 feet is the greatest distance above the level of the water from which a 
pump will lift water, although at that distance it will be liable to lose its 
water when the barometer is low. To prevent occasionally having a dry 
pump, the supply should never be drawn through a greater height than 
25 feet ; but, as the efficiency of a pump varies with the distance it lifts the 
water, the suction-pipe should be made as short as possible, and 1 5 feet is 
the maximum safe distance above the level of the water for a pump to work 
well and uniformly and draw its proper quantity of water at each stroke ; 
but if the pump works quickly, better results will be obtained by making 
the distance 10 feet. The quicker the speed of the pump, the shorter 
should the suction-pipe be. 

£oad on a Sand-worked Pump. — In a common hand-pump, with 
lever-handle, the leverage is generally 6 to i, and the resistance on the 
handle, exclusive of friction, is found by dividing the weight due to the 
column of water by 6 — the leverage. 

Load on a Hand-Power Zdft-Pnmp, with Crank and Well-Frame. 
— ^The radius of the winch-handle of a well-frame is generally 16 inches, 
and the leverage is found by dividing the radius of the winch-handle by the 
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throw of the crank (or half-stroke of pump). Thus a pump, with 8-inch 
stroke, and with i6 inches radius of winch-handle, would have a leverage 
of 4 to I, and the weight of the column of water it has to raise, divided by 
4, will give the resistance to be overcome, exclusive of friction. 

laoad on Sand-Power Qeared WeU-Frames. — ^When gearing is 
applied to drive the crank of a well-frame, what is gained in power is lost 
in quantity in a given time. Thus, if a wheel and pinion of 2 to i are 
added to the above frame, only one-half the power will be required, but 
only one half the quantity of water will be raised at each turn of the 
handle. 

To find the resistance in working a geared well-frame, divide the radius 
of the winch-handle by the throw of the crank (or half-stroke of pump), 
and multiply the result by the proportion of the wheel and pinion, and with 
the product divide the weight of the column of water, which will give the 
resistance to be overcome, exclusive of friction. 

The power exerted by a man in turning the winch-handle of a pump may 
be reckoned at 20 lbs. In a single-barrel pump the whole lift comes at one 
half of the turn of the handle ; but in a double-barrel pump it is distributed 
over the two halves of the turn ; and in a treble-barrel pump the work is 
still more equalised. Therefore, it is easier to work a pump with two barrels 
than with one barrel, when the united capacity of the two barrels is the same 
as that of the single barrel. 

Suction and DeliTery-Pipea of Pnmps. — ^The suction-pipe of a 
pump should always be larger than the delivery-pipe, because the friction 
has to be overcome in the suction-pipe by the pressure of the atmosphere 
only ; but in the delivery-pipe the friction is overcome by the power of the 
pump. The suction and delivery pipes should never be less-than one-half 
the diameter of the pump-barrel. A good proportion for the suction-pipe is 
two-thirds the diameter of barrel. In quick-working pumps it is sometimes 
necessary to make it as large as the barrel. A long suction-pipe should 
fall evenly along its length towards the well, as, if any portion of it is 
higher than the pump-end, a trap will be formed in which air will accumu- 
late, and from which it cannot easily be drawn away. A long suction-pipe 
should have a retaining or foot-valve placed near the water to prevent it 
losing its water, and to obviate the charging of the suction-pipe at each 
stroke. 

Pnmps for Hot Water. — ^A pump will not lift hot water efficiently, 
because the steam destroys the vacuum; therefore the pump should be 
placed at the same level as the supply tank, so that the water may flow into 
the barrel by its own gravity. The valves of hot-water pumps should be 
made one-half larger in diameter than the ram, in order to obtain a large 
escape for the water with a small lift of the valve. 

Porce-Pnaip. — ^The barrel of a force-pump should be as close to the 
ram as possible, otherwise air will accumulate and impair the working of 
the pump. The diameter of the valves should never be less than three* 
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fourths the diameter of the ram ; but it is preferable to make them of the 
same diameter as the ram ; they should be placed as near to the ram as con- 
venient, and they should only lift sufficiently to deliver their full capacity of 
water. 

An aiz>-T0SMl should be placed on the suction side of a pump, the air in 
which becomes compressed, and its elastic force causes the water to flow 
uniformly into the barrel, and ensures the barrel being properly and con- 
tinuously filled at each stroke. The neck of the air-vessel should be long 
and narrow, to prevent the action of the pump disturbing its water-level. 
An air-vessel also greatly reduces the percussion and wear and tear of the 
valves. 

CftlcnlatioiM Ibr Pumps. — In addition to the weight of the water, 
allowance must be made for the friction of the pump and the friction 
of the water in the pipes, and also for the weight of the valves and for the 
resistance caused by the water passing through the valves, and likewise for 
the " slip," or water lost by the pump, as all pumps throw considerably less 
water than their capacity. In the following rules allowance is made for 
these contingencies. 

Gapaoitj' of a Pump. — ^The capacity of a pump with piston or bucket 
is the product of the area of the barrel multiplied by the length of stroke, 
and the capacity of a pump with a ram is the product of the area of the end 
of the ram multiplied by the length of stroke. 

Oalloiui of Water deIiT«r«d per Btvoke. — ^Multiply the square of 
the diameter in inches of the pump-bucket, or ram, by '034, and by the 
length of the stroke in feet, and the product will be the number of 
gallons which the pump will deliver per stroke, provided the barrel gets 
properly filled with water at each stroke. But as all pumps throw consider- 
ably less than their capacity, deduct one-third from the number of gallons 
thus obtained for leakage, or " slip," and the remainder will be the actual 
quantity of water delivered per stroke, provided the pump is in first-rate 
order. But if the pump is of second-rate quality, it will be necessary to 
deduct one-half instead of one-third for " slip." 

Aotnal Borae-power of Pumps. — ^Find the number of gallons per 
stroke by the above rule, and multiply it by 10 (the weight of a gallon of 
water), and by the number of strokes per minute. The product will be the 
weight of water lifted per minute, which multiply by the height in feet from 
the water to the point of delivery. The product will be the total work done 
per minute m foot-lbs. Divide by 21,780, then add ith for the friction of 
the engine itself, and the sum will be the actual horse-power of the 
engine required to drive that pump. 

Vominal Horse-power of a Pomp. — Find the total work done per 
minute, as in the last rule, and divide it by 32,670, then add ith for the 
friction of the engine itself. The product will be the nominal horse-power 
of the engine required to drive that pump. 

In calculating die horse-power of deep-well pumps, the weight of the 
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spears and spear-plates, rods, bucket, &c., must be added to the total work 
per minute before dividing by the above given divisor. 

The effective work done by a pump is equal to the product of the weight 
of the water by the height it is raised, and the efficiency of that pump is the 
ratio of the effective work to the total work expended in driving it. In ordi- 
nary pumps the efficiency is about 66 per cent. 

Diameter of Pump. — ^To find the diameter of a pump, multiply '034 
by the length of stroke in feet, then multiply by the number of strokes per 
minute, and divide the number of gallons to be delivered per minute by 
the said product. The square root of the quotient will be the diameter 
of the pump in inches ; but as all pumps throw considerably less water than 
their capacity, add a third to the area of the pump, to allow for leakage or 
" slip ; " this allowance for " slip " only applies to pumps in first-rate 
order ; if the pump is of second-rate quality, it will be necessaiy to add 
one-half instead of one-third for slip. 

The length of stroke of pump, is found thus — Divide 277*27 (the 
number of cubic inches in one gallon) by the area of the pump-barrel, 
which will give the length of stroke for each gallon. Multiply this by the 
number of gallons per stroke, and the product will be the length of stroke in 
inches of that pump. 

The velocity of the water in feet per minute in a pump, is found by 
multiplying the length of stroke in feet by the number of strokes per minute. 

Centriftigal Pumps are particularly adapted for irrigation, drainage, 
and sewage works. The maximum distance they will effectively draw water 
is 25 feet, but 15 feet will give better results; and the maximum height from 
surface of the water to the point of delivery to which they will lift water 
effectively is 70 feet. High lifts require very high velocities and large 
pumps. 

Table 7. — Horse Power required for Centrifugal Pumps. 
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Bydranlio Baan. — ^This useful self-acting apparatus is used where 
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there is a good flow of water with a moderate fall, to raise a small portion 
of (hat flow to a greater height than the fall. About to gaMons of water must 
pass through the ram for every gallon raised, and the elevation to which 
water can be raised by the ram is in proportion to the fall obtainable, 
generally equal to ten times the tall, 

The following are the usual proportions of the supply pipes and delivery 
pipes to the number of gallons. 



Number of Gallons to be raised in 34 

Hours I 5C0 1000 

Diameter of Fall or Supply Pipe in * 

Inches ij 

I Diameter of Rising Main or Delivery I 

I Pipe in Inches J_ 



Tbe efficiency of hydraulic rams rapidly decreases, as the height to 
which the water is to be raised increases above the fall, as will be seen from 
the following table. 



Table 8.— 
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Speed of Fuiipi. — ^The greatest speed at which water will flow through 
a suction-pipe, is 500 feet per minute; but, in practice, water should not flow 
through a suction-pipe at a greater speed than 200 feet per minute to ensure 
the pump-barrel being properly filled at each stroke, that is aoo feet of the 
suction-pipe should hold as much water as the pump will deliver per 
minute, and the pump should work at such a speed that it will deliver per 
minute the quantity of water contained in 200 feet of its suction-pipe. For 
pumping engines, the most economical speed is from 4 to 5 strokes per 
minule, the length of stroke being generally 8 feet for small pumping 
engines ; 10 feet for medium size ; and iz feel for large sizes. 

Proporfeioii of Coob. — D = the internal diameter of pipe. Square of 
plug = D X -J. Height of square = D x 5. Length of handle = D x 6. 
Diameter of plug at the centre = D x lag. Length of taper pari of plug 
= D X 3 to ai for solid bottom gland cocks, and D x 3 10 3^ for plugs 
with screw bottom. Height of water-way in plug = D x rag. Width of 
water-way in plug = D x 7. Taper of plug on each side = i inch in 
9 inches for small cocks, and i inch in 11 inches for large cocks. 
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SINGLE-, DOUBLE-, AND TREBLE-BARREL PUMPS. 



99 



Tabue io. — Shewing the quantity of Water discharged ver minute 
BY Single-, Double-, and Treble-Barrel Pumps at various 

SPEEDS, exclusive OF SlIP. 







Single Barbel. 


Double 


Barkeu 


Treble Barrel. 


Diameter 
of Piunp. 


Length 
Stroke. 












30 Strokes 


40 Strokes 


30 Strokes 


40 Strokes 


30 Strokes 


40 Strokes < 






per Minute. 


per Minute. 


per Minute. 


per Minute. 


per Minute. 


per Minute. 


Incites. 


Inches. 


Gallons. 


Galkms. 


Gallons. 


Gallons. 


Gallons. 


1 
Gallons, t 


li 


9 


If 


2i 


3i 


4i 


4i 


H 


2 


9 


3 


4 


6 


8 


9 


12 


^i 


9 


4J- 


6i 


9^ 


12 


14 


19 


3, 


9 


6| 


9, 


i3f 
i8| 

24t 


18 


20 


27 


32 


9 


9t 


I2i 


25 


28 


37 


4 


9 




16 


32 


36 


48 


4i 


9 


20| 


3f 


42 


46 


62 


5 


9 


19 


3^ 


50 


57 


76 


5J 


9 


23t 
27J 

5i 

lOi 


32 


46i 


62 


69 


92 


6 


9 


37, 


55 


73 


82 


no 


2 


IO 


4i 


6 


9 


10 


13 


2| 


IO 


7 


10 


14 


15 


22 


3, 


IO 


10 


15 


20 


22 


30 


3a 


IO 


i3f 


20 


27 


32 


. 42 


4 


IO 


18 


27 


36 


40 


54 


4i 


IO 


17 


23 


34 


45 


52 


68 


5, 


IO 


22 


28 


42 


56 


63 


84 


5t 


IO 


3oi 


34 


51 


68 


77 


102 


6 


IO 


40 


62 


82 


92 


122 


2 


12 


4 


S 


8 


10 


12 


16 


2i 


12 


6i 


8 


12 


17 


19 


25 


3, 


12 


9, 


12 


18 


24 


27 


36 


3i 


12 


I2t 


16 


24 


33 


37 


50 


4 


12 


i6i 

20| 
25t 


22 


32 


43 


49 


65 


4| 


12 


27 


42 


55 


62 


82 


5, 


12 


33 


50 


68 


76 


100 


5i 


12 


3of 


42 


62 


82 


92 


123 


6 


12 


49 


l^ 


97 


no 


146 


6i 


12 


43 


57 


86 


114 


129 


172 


7, 


12 


50 


66 


100 


134 


149 


199 


7z 


12 


57 


76 


114 


152 


171 


229 


8 


12 


65 


87 


130 


174 


195 


262 


9 


12 


82 


no 


165 


220 


246 


330 


IO 


12 


102 


134 


202 


268 


303 


404 


12 


12 


146 


195 


294 


390 


440 


588 



Water Supply. — 15 gallons per head per day, for domestic purposes; 
10 gallons per head per day, for manufacturing purposes ; 5 gallons per 
actual horse-power per hour, for feeding boilers ; 5 gallons per nominal 
horse-power per minute, for injection water for condensing engines. 
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BURSTING PRESSURE OF PIPES. 
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The Strength of Steam-Cylindersy WBtn^SjUndi&rm, pipes, and 
tubes of all kinds subject to internal pressure, may be found by the following 
rules. In the case of steam cylinders, allowance must be made for wear 
and for boring and re-boring. 

Thickness of Metal for Pipes. — I^ule : Multiply the working pres- 
sure inside the pipe in lbs. per square inch, by the internal radius of the 
pipe in inches, and divide the product by the safe working tension given in 
the table below for the material of which the pipe is made, to which 
quotient add the constant number C, and the result will be the thickness 
of the pipe in inches. The value of C. ranges from '13 to I'o, according 
to circumstances, for cast-iron pipes for water, C. is '3 ; and for steam- 
pipes '5, the working pressure in each case being taken at 133 lbs. per 
square inch, to allow for contingencies in making stock sizes of pipes. 

Example : required the thickness of a cast-iron pipe 8 inches in diameter, 
suitable for a working head of 300 feet water-pressure, or 133 lbs. per 

sauare inch then = '^^ ^^^' P'^'"^"^ "^ ^ ^"^^'"^ ^^ P^P^^ = -2X3 + 'x 
^ ' 2500 safe working tension of cast-iron ^ 

= *5i2 inches thickness. 

Bursting T^wssnre of Pipes. — Rule : Multiply the bursting tension 
in lbs. per square inch — given in the table below — of the metal of which the 
pipe is made, by the thickness of metal in inches, and divide the product 
by the internal radius of the pipe in inches, the result will be the bursting 
pressure in lbs. per square inch. 

Example, required the bursting pressure of the 8-inch pipe given in the 

, 1 ♦u 1 5000 bursting tension x '512 thickne ss of pi pe 

last example, tnen, . — ; : — ~ i — tt 7 — . — 

'^ 4 mches mternal radius of pipe 

1920 lbs. bursting pressure. 



Table 12. — Strength of Materials for Pipes for the above Rules. 



Material of which the Pipe, or Tube, or Cylinder 
is composed. 



Mild Bessemer-Steel . 
Phosphor-Bronze . 
Homogeneous Metal . 
Lowmoor or Best Yorkshire Iron 
Solid-Drawn Wrought-Iron Tubes 
Good Ordinary Wrought-Iron 
Copper, Wrought . 
Best Bronze .... 
Gun-Metal .... 
Gk)od Brass .... 
Common Brass 
Cast-iron . 
Zinc 

XatfCttU ..... 



Bursting Tension 
in lbs. 


Safe Working 


Tension in lbs. 


71680 


1 1 940 


56000 


9330 


56000 


9330 


53760 


8960 


49200 


8200 


47040 


7840 


33600 


5600 


33600 


5600 


31360 


5200 


18000 


3000 


16000 


2670 


15000 


2500 


6720 


II20 


2240 


370 
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CAST-IRON SOCKET-PIPES FOR WATER. 

Pipes should be cast from good grey metal, twice run, of such quality 
that a bar of the same 2 inches deep X i inch thick placed upon supports 
3 feet apart will not break with a less load than from 28 to 30 cwt. sus- 
pended at the centre, which weight will cause a deflection of about f inch. 
Strength of Metal. — ^The tenacity of the cast-iron of which pipes are 
usually made, averages 1 5000 lbs. per square inch, which divided by the 
factor of safety, 6, gives a working strength of 2500 lbs. per square inch. 

Thickness of Metal of Pipes. — ^Besides makmg the thickness suffi- 
cient to bear the water pressure, allowance must be made for hydraulic 
shocks due to the closing of cocks, &c., as well as for the strain due to 
weights falling upon, or passing over them after they are laid underground ; 
the following two rules are used by makers of water-pipes, both of which 
give good and nearly the same results. 

Rule I. — Multiply the internal diameter of the pipe in inches by the 
working: head in feet, divide the product by 10,000, and add the constant 
number, '30, to the result, which will give the thickness of metal (cast-iron) 
in inches. 

Rule 2, — Multiply the working pressure in lbs. per square inch by the 
internal radius of the pipe in inches, and divide the product by the work- 
ing strength of the metal 2500, then add the constant number '30 to the 
result, which will give the thickness of the metal of the pipe in inches ; this 
constant number is added for the allowance to be made for shocks, &c., 
mentioned above, and may be varied to suit circumstances. 

The Depth of Socket is varied a little by different iron founders ; a 
good proportion is to make the inside depth according to the following 
rule. Multiply the internal diameter of the pipe by '13, and add the 
constant number 3 to the result. The space for the lead joint should be 
-j^ inch for small pipes, f inch for medium-sized pipes, \ inch for large 
pipes, and f inch for very large pipes. 

Testing Pipes. — Pipes should be tested to double their working pres- 
sure — ^but not beyond that — otherwise the metal is liable to be strained and 
weakened ; and, while under pressure, they should be struck moderately 
hard with a hammer to represent the shocks they will be subject to after being 
laid underground. 

Deviation in thickness and weight. — A deviation in thickness of -jV J^ch 
for small, and \ inch for medium sized, and -j^ for large sizes, is sometimes 
permitted, and a deviation in weight of about i lb. per inch in diameter is 
permitted. 

Weight of Socket-Pipes. — The weights of ordinary sizes of pipes for 
water are given in Table 13. 

The first two sizes are suitable for a working head of 100 feet water 
pressure, the i\ to 9-inch pipes are suitable for 150 feet water-pressure, 
and the pipes above that size are suitable for a working head of 300 feet 
water-pressure — the proof strain being double these quantities. 



CAST-IRON PIPES. 
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Table 13. — ^Weight of ordinaky sizes of Cast-Iron Socket- Pipes. 



I Internal 
Diameter 
in Inches. 



Length of 
Pipe, exclu- 
sive of 
Socket. 



Thickness 
I of Metal 
tin Inches. I 



I 



Average 

Weight of 

Pipe. 



Internal 
Diameter 
in Inches. 



Length of 
Pij)e, exclu- 
sive of 
I Socket. 



I 
I 

Thickness 

of Metal 

in Inches. 



Average 

Weight of 

Pipe. 



i 


Fert. 




cwt. 


qr. lb. 1 


1 


Feet. 




cwt. 


qr. lb. 


i 


4i 


tV 





16 


10 


9 


9 

Ta 


5 





I 


6 


1 
4 

4 





24 


II 


9 


^ 


5 


2 4 ! 


ij 


6 





I 


12 


9 


8 


6 


2 10 


'1 


6 





I 4 


13 


9 


8 


7 


6 


'i 


6 


9 





I 10 


14 


9 


1 1 
l6 


8 


I 24 


2 


6 




92 





I 15 


15 


9 


H 


9 


22 




6 


9 





I 21 


16 


9 


f 


10 


2 


6 


s 

16 





2 I 


18 


9 


1»- 


13 


2 21 


3, 


9 


S 
16 





3 22 


20 


9 


1 

i 

8 


15 


I 18 


3s 


9 


5 
T6 




16 


21 


9 


16 


I 


4 


9 


\^ 




I 16 


24 


9 


I 


18 


2 14 


*t 


9 


1 1 

sa 




I 23 


27 


9 


It^j 


25 


2 4 


4i 


9 


« 




2 14 


30 


9 


'F 


31 


2 16 


5, 


9 


1 




3 15 


33 


9 


I? 


36 


2 20 


5i 


9 


1 


2 


I 


36 


9 


If 


44 


14 


6 


9 


1 


2 


I 15 


39 


9 


ItV 


50 


I 


7 


9 


"^ 


2 


3 15 


42 


9 


'T6 


59 





8 


9 


1 


3 


I 15 


45 


9 


I^ 


66 


10 


9 


9 


4 





48 


9 


If 


75 


2 



NoTB. — The Length does not include the Length of the Socket, but the Weight includes 

that of the Socket. 

Table 14. — ^Weight of Ordinary Stock Sizes of Cast-Iron Flange- 
Pipes FOR Water, proved to the same Water Pressure as the 
Socket Pipes given in Table 13, 



Sitt 

inside 
Diameter. 














Diameter 




Length 


Thickness Diameter 


Thickness 


Number 


Diameter 


of circle 


Average Wci>;ht 


of Pipe. 


of Metal. 


of Flange. 


of Flange. 


of Bolts. 


of Bolts. 


1 of Centre 
of IJolts. 


of Pipe. 


Inches. 


Feet. 


Inche& 


Inches. 


Inches. 


Bolts. 


Inches. 


Inches. 


cwt. qr. lb. 


li 


. 6 


1 

4 




1 
2 


3 


I 

2 


3t 


016 


li 


6 


-h 


A 


3 


4 


I 16 


2 


6 


A 


9 
i6 


4 


i 

2 


52 


I 18 


24 


6 


tV 


7 


k 

8 


4 


2 13 


3, 


9 


9 


7? 


\-\ 


4 


8 


6 


I 


3i 


9 


S 


u 


1 1 
T6 


4 


1 

8 


7 


I 22 


4 


9 


ii 


9i 


f 


4 


1 

4 


7f 
8i 


I I 20 


4i 


9 


« 


10 


! 

8 


4 


J L 
- 


I 3 


5 


9 


f 


loi 


4 


3 


8f 


2 15 


6 


9 


f 


12 


6 


f 


10 


230 


7 


9 


^ 


14 




6 


1 
1 

8 


Ilf 


3 23 


8 


9 


f 


15, 




6 


I2| 

i5i 


330 


9 

10 


9 
9 


2 


i6| 
i7t 


T 1 

' 8 


6 
6 


4 2 20 

5 3 


II 


9 


^ 


19 


T ^ 

^4 


6 


I 


16! 


6 10 


12 


9 


8 


20 


6 


I 


I7I 


7 I 



I04 
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Table 15.— 


Weigh! 


* OF Extra Strong Cast-Iron Flange-Pipes. 


Sue 

inside 

Diameter. 












Diameter 


1 


Length 


Thickness 


Diameter Thickness 


Number 


Diameter 


1 of circle 


Average Weight 
oTPipe. 


of Pipe. 


of Metal. 


of Flange, of Flange. 


of Bolts. 


of Bolts. 


of Centre 
of Bolts. 

1 


Inches. 


Feet. 


Inches. 


Inches. Inches. 


Bolts. 


Inches. 


' Inches. 


cwt. qr. lb. 


2 


6 


1 


6i tV 


4 


i 
2 


52 


023 


2i 


6 


1 


7. t 


4 


1 
2 


034 


3, 


9 


f 


si ' - 

? 6 


4 


8 


6 


I 10 


32 


9 


A 


4 


6 

8 


7 


I 2 8 


4 


9 


\ 

2 


12 ' 1 


4 


1 

4 


7i 


I 3 6 


5 


9 


4 


a 


8f 


2 I 15 


6 


9 


A 


6 


J . 

8 


10 


3 2 5 


7 


9 


1 


14 I 


6 


III 


4 I 15 


8 


9 


J 


■ 


15 I 


6 


I2t 


5 2 10 


9 


9 




■ 


T^i T ^ 


6 


1 




6 I 13 


10 


9 


I 

8 


'72 '8 


6 


1 
8 


700 


II 


9 


19 ifV 


6 




16! 


900 


12 


9 


20 1;- 

21 li 

22 I;: 
23^ It 


6 




17! 


9 3 8 


13 


9 


6 


I 


18! 


10 2 


14 


9 


8 


i| ■ 


19! 


II I 


15 


9 


8 


t1 

*8 


20| 


12 I 


16 


9 


24i lA 


8 


H 


22 


12 3 10 



Weight of Pipes and Cylinders. — A simple rule to find the weight of 
pipes and cylinders of cast-iron is: — From the square of the outside diameter 
subtract the square of the inside diameter in inches, multiply the result by 
7 and divide that product by 3, which will give the weight in lbs. approxi- 
mately of one foot in length of the pipe. To find the exact weight, use 7*4 
as a multiplier instead of 7 Riven above. 

To find the weignt of pipes and cylinders of other metals, multiply the 
result found by the above rule by 1*05 for wrought iron ; i'o8 for steel ; 1*2 
for gun metal; 1*15 for brass; 1*21 for copper; i*cx54 for tin; 1-56 for 
lead ; and by '988 for zinc. 

Contents of Pipes. — ^To find the number of gallons contained in a cir- 
cular pipe, multiply the square of the diameter in inches by '034 ; the pro- 
duct will be the contents in gallons in a foot length of pipe. 

To find the weight of water in lbs. in a circular pipe i foot long, square 
the diameter in inches and multiply the result by '34. 

To find the weight of water in lbs. in a pipe 3 feet long, square the 
diameter in inches. 

Tliickness of Cast-Zron Oas-Pipes. — The thickness of metal given 

in Table 13 for water pipes, is also suitable for gas pipes up to 6 inches 

diameter, but above that size, the thickness is too great for pipes for this 

purpose, and the correct thickness of metal for cast-iron gas-pipes may be 

obtained by multiplying the thickness given in that Table 

by '86 for cast-iron pipes of from 7 to 13 inches diameter. 

76 Do. Do. 14 to 20 Do. 

70 Do. of 21 inches diameter and upwards. 
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Table 16. — Shewing the Contents in Gallons and Weight in lbs. of 
Water in Pipes and Wells i foot in Depth. 



Diameter in 


Number of 


Wei^t in 


Diameter in 


Number of 


Weight in 


Inches. 


Gallons. 


Feet. 


Inches. 


Gallon!. 


Ibft. 


I 


•034 


•34 ' 


I 


9 


14-99 


149-94 


2 


•13 


1-36 


I 


10 


16-45 


16456 


3 


•30 


306 1 


I 


II 


17-88 


178*86 


4 


•54 


5*44 


2 





19-58 


195*84 


5 


•85 


8-50 


2 


6 


30*60 


306*00 


6 


1*22 


12-24 


3 





44*06 


440*64 


7 


1-66 


i6-66 


3 


6 


59-97 


59976 


8 


2*17 


21-76 


4 





78-33 


783-30 


9 


275 


27-54 


4 


6 


99-14 


991*44 


10 


34 


34-00 


5 





122-40 


1224-00 


II 


4-II 


41-14 


6 





176-25 


1762-56 


12 


489 


48-96 


7 





239-90 


2399-04 


13 


574 


57-46 


8 





31334 


3133*44 


14 


664 


66-64 


9 





396-57 


3965-76 


15 


7-65 


76-50 


10 





489*60 


4896-00 


16 


870 


87-04 


12 





705*02 


7050-24 


17 


9-82 


98-26 


15 





iioi-6o 


11016*00 


18 


II'OI 


110*16 


18 





1586*30 


15863-04 


'9 


12-27 


122-74 


20 





1958*40 


19584-00 


20 


13-60 


136-00 


1 









To find the pressure in lbs. per square inch of water in pipes, multiply 
the head of water in feet by -443. 



Table 17. — Shewing the Pressure in Pipes with Various 

Heads of Water. 



Head of 


Pressure per , 


Head of 


Pressure per 


Head of 


Pressure per 


Head of 


Pressure per 


Water in 


Square Inch 


1 Water in 


Square Inch 


Water in 


Square Inch 


Water in 


Square Inch 


Feet. 


in lbs. 


Feet. 


in lbs. 


1 Feet. 


in lbs. 


Feet. 


in lbs. 


10 


4-43 


160 


70-88 


310 


137-33 


460 


203*78 


20 


8-86 


170 


75-31 


320 


141-76 


470 


208*21 


30 


1329 


180 


79*74 


' 330 


146-19 


480 


212*64 


40 


17-72 


190 


84-17 


1 340 


150-62 


490 


217-07 


50 


22*15 


200 


88*6o 


' 350 


155-05 


500 


221-50 


60 


26-58 


210 


93*03 


360 


159*48 


550 


243-65 


70 


31-01 


220 


97*46 


370 


163*91 


600 


265*80 


80 


35-44 


230 


101*89 


380 


168*34 


650 


287*95 


90 


39-87 


240 


106-32 


390 


172*77 


700 


310-10 


100 


44-30 


250 


110-75 


400 


177-20 


750 


332-25 


IIO 


48-73 


260 


115*18 


410 


181-63 


800 


354-40 


120 


53-16 


270 


119*61 


420 


i86*o6 


, 850 


376-55 


130 


57-59 


280 


124*04 


430 


190*49 


900 


398*70 


1 40 


62-02 


290 


128*47 


440 


194*92 


950 


420*85 


150 


66*45 


300 


132-90 


' 450 


19935 


1000 


443'00 
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Isojectors flor Feeding Boilers. — For the average temperature of feed 
and height of lift of ordinary injectors, the quantity of water delivered in 
gallons per hour by an ordinary injector feeding the boiler from whence its 
steam supply is derived, may be found by Mr. Hey's rule. Multiply the 
square of the diameter of the injector nozzle in millimetres by the square 
root of the pressure of the steam in lbs. per square inch, and multiply the 
product by the constant number 2. 



WATER WHEELS. 



The Driving Fewer of flowing water being gravity, the power exerted 
by a weight of water falling from a given height is equal to the product of 
the weight of water in lbs., and the height of the fall in feet. But, in driving 
a waterwheel, a percentage of the power is absorbed by friction, by over- 
coming the resistance of the waterwheel, and by the loss due to leakage. 
The efl&cicncy or power given out varies from 30 to 75 per cent, of the power 
of the water, according to the class of waterwheel employed. A horse- 
power being 33,000 lbs. raised one foot high in a minute, or 5 50 foot lbs. per 
second, the theoretical force in a fall of water is found thus : — Multiply the 
weight of a cubic foot of water, 62*4 lbs., by the number of cubic feet 
falling per second ; multiply that product by the height of the fall in feet, 
and divide the result by 550; the quotient will be the available theoretical 
horse power of that fall. 

Overshot Water-wheeLi. — ^The water is generally laid on this class of 
wheel at a little below the top of the wheel from the side at which it ap- 
proaches. The current of water being reversed in the pentrough, it is called 
a pitch-back wheel; diameter of wheel from i to ij the height of fall; 
speed of the circumference 4 to 5 feet per second ; efficiency from 60 to 70 
per cent, of the waterpower expended. 

Sigh-Breast Water-wheel. — The water is laid on to this class of 
wheel about 27° from the top ; diameter of wheel \\ times the height of the 
fall ; speed of the circumference 5 feet per second ; efficiency 75 per cent, 
of the waterpower expended. 

Breast Water-wheel. — ^The water is laid on to this class of wheel a 
little below the level of its axis ; diameter of wheel equal to about twice the 
height of fall ; speed of the circumference from 5 to 6 feet per second ; 
efficiency from 55 to 60 per cent, of the waterpower expended. 

Undershot Water-wheels with radial floats are used when the fall is 
under 5 feet ; diameter of wheel from 1 2 to 20 feet ; speed of the circum- 
ference = '50 of the velocity of the water; efficiency from 25 to 33 per 
cent, of the waterpower expended. 

Faddle Wat«r-wheel. — Wheels of this class are fixed on boats moored 
in an open current; diameter of wheel from 14 to 20 feet; speed of the 
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ctrcumference = '50 of the velocity of the water ; efficiency from 25 to 33 
per cent, of the waterpower expended. 

PoBcelat's nndenliot Water-whael with carved floats is suitable for 
falls under 6 feet ; diameter of wheel from 10 to 20 feet ; speed of circum- 
ference from 8 to 12 feet per second ; efficiency 55 per cent, of the water- 
power expended. 

Siamater of the Joumalii or necks of cast-iron main shafts of water- 
wheels. — RuU to find : Multiply three times the width in feet of the water- 
wheel by its diameter in feet, and the cube root of the product will be the 
diameter in inches of the neck or journal. Example : required the diameter 
of the neck of a main shaft for a water-wheel of 15 feet wide and 20 feet in 
diameter; then 15 X 3 X 20 = 900; and V900 = 9*^5 inches, diameter 
of neck. 

Length of neck or journal = i^ times the diameter. 

Sorse-pow«r of Water-wlieeLi. — ^To find the effective power of a 
water-wheel. — Rule : Multiply the quantity of water expended in cubic feet 
per second by the e£Fective height of the fall in feet, and divide the product 
by one of the following divisors: — viz., 11 '7 for high breast water-wheels ; 
13 for overshot; 15 for breast; and 22 for undershot water-wheels. 
Example : required the e£Fective horse-power of a high breast water-wheel 
requiring 20 cubic feet of water per second, the effective height of fall 

being 29 feet 3 inches ; then, . _?_5 — jq effective horse-power. 



FLOW OF WATER. 

Flow of Water through Oriflcee. — ^To find the velocity of the 
discharge in feet per second of water flowing from the side of the cistern. 
Rule : Multiply the square root of the height in feet from the centre of the 
orifice to the surface of the water by 8. To find the height in feet. — Rule : 
Divide the square of the velocity in feet per second by 64. 

To find the quantity of water in cubic feet per second discharged through 
an orifice, — Rule : Multiply the area of the orifice in square feet by the 
number of seconds, and multiply the product by five times the square root 
of the height in feet from the centre of the orifice to the surface of the 
water. 

To find the quantity of water in gallons per second discharged through 
an orifice, — Rule : Multiply the area of the orifice in square feet by the 
number of seconds, and multiply the product by 31*5 times the square root 
of the height in feet from the centre of the orifice to the surface of the 
water. 

The above rules apply to the discharge from a hole cut in the side of a 
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cistern. If a short pipe be fixed inside the cistern, the discharge will be 
diminished to the extent of one-fifth ; if a short pipe, in length equal to 
4 times its diameter, be fixed on the outside of the cistern, the quantity 
discharged will be increased to the extent of about one-third, the quantity 
slightly decreasing as the length of the pipe is increased beyond a length 
equal to 4 times the pipe's diameter until it reaches a length equal to sixty 
times the diameter, when the discharge equals that of a simple orifice. 

Time required to fill a Cistern when a known quantity of water 
per hour is going in and a known quantity going out. Templeton's Rule is : 
Divide the contents in gallons of the cistern by the difference of the quantity 
going in and the quantity going out, and the quotient is the time in hours 
and parts that the cistern will take in filling. 

Time required in Seoonds fbr a Cistern to empty itself. — Mr. 
Banks' Rule is : Multiply the square root of the height in feet of the surface 
of the water from the orifice, by the area of the falling water surface in 
square inches, and divide the result by 37 times the area of the orifice in 
square inches. 

now of Water over Weirs. — ^Eytelwein's Rule is : Multiply the square 
root of the depth in feet from the surface of the water to the bottom of the 
orifice, or top of dam, by the sectional area of the water passage in square 
feet and divide the product by 3*4. The result will be the discharge in cubic 
feet per second. 

now of Water in Open Streams. — ^The velocity of water in a stream 
or river is greatest near the surface at the centre of the stream, and less near 
the sides and at the bottom. The surface velocity may be ascertained by 
placing a thin wood float on the centre of the stream and noting the time it 
requires to pass a measured distance ; then the mean velocity will be '8 of 
the surface velocity. The available quantity of water in the stream may 
be found by this Rule : multiply the sectional area of the stream in square 
feet by the surface velocity in feet per second and multiply that product by 
•8, the result will be the discharge in cubic feet per second. 

The Kydranlio Mean Depth is the quotient of the sectional area of 
a stream or river, divided by its wet perimeter ; in circular pipes running 
full, the hydraulic mean depth is one-fourth of the diameter of the pipe. 

The Velooity and Disoharge of Water through pipes and channels 
running wholly or partly filled, may be found by Mr. Beardmore*s Rule : 
Multiply the hydraulic mean depth in feet, by twice the fall in feet per mile, 
and multiply the square root of the product by 55 : the result is the mean 
velocity of the stream in feet per minute, which result multiplied by the 
sectional area in square feet, gives the volume or discharge in cubic feet 
per minute, and this product multiplied by 6*24 gives the number of gallons 
discharged per minute. 

Loss of Kead due to Friction. — ^The loss of head arising from the 
friction of the water against the sides of the pipe may be found by the 
following Rule (Prony s) : Multiply 2*25 times the length of the pipe in miles 
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by the square of the velocity of the water in the pipe in feet per second, 
and divide the product by the diameter of the pipe in feet : the result will 
be head of water in feet required to balance the friction. The friction of 
water increases nearly as the square of its velocity. When calculating the 
diameter of a pipe for water supply, the quantity of water should be 
increased to the extent of from 33 to 50 per cent to provide against the 
reduction of the flowing section due to encrustation. 

Bends in Pipes. — The above rules apply to straight pipes only; as 
bends in a pipe diminish the velocity of a fluid equal to 'CXD39 times the 
sum of the sines of the several angles of inflection, sharp turns should be 
avoided. In the report on the supply of water to the Metropolis, it is 
stated that the time necessary for the discharge of a given quantity of water 
through a straight pipe being i , the time for an equal quantity through a 
curve of 90P would be I'li ; with a right angle 1*57; two right angles 
would increase the time to 2*464 ; and two curved junctions to only 1*23. 

Mr. Blackwell's rules for pipes are very convenient, as they make allow- 
ance for bends and other irregularities in pipes of considerable length ; 
they are as follows* : — 

To find the Velocity in Feet per Second. — Rule: Multiply the 
diameter of the pipe in feet by the inclination of the pipe in feet per mile, 
divide the product by 2*3, and extract the square root of the result. 

To find the Diameter of the Pipe in Feet. — Rule: Multiply the 
square of the velocity in feet per second by 2*3, and divide the product by 
the inclination of the pipe in feet per mile. 

To find the Inclination of the Pipe in Feet per lEiley to be given 
to overcome friction. — Rule : Multiply the square of the velocity in feet per 
second by 2*3, and divide the product by the diameter of the pipe in feet. 

Fall or Inclination of Drains, Sewers, Water Channels and Rivers. 

Inch. Feet. 

Minimum inclination for drains for houses 

If »» »> lanQ . 

„ „ submain drains for houses . 

„ „ main drains for houses . . 
Fall of mountain torrents 

„ „ rivers with rapid current . . 

„ „ „ strong current 

„ ordinary rivers with good current . . . 

„ „ winding rivers, subject to inundations 

with slow current i „ 440 

Fall of water channels, supply pipes to reservoirs and 

small canals i „ 480 

Fall of large canals i ,, 570 

Very slow current, nearly approaching to stagnant 

water . i „ 1000 

* See Hughes on Waterworks. Crosby Lockwood & Co. 
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Kill Race. — In order to prevent deposits and the gro^vth of plants, the 
mean velocity of water in a mill race or water channel, should not be less 
than from i to i| feet per second. 

Umits of Velocity. — ^To prevent injury to the bed and banks, the 
velocity of water in a channel should be proportioned to the tenacity of the 
soil. Mr. Neville • states that the mean velocity should not exceed — 



feet per minace. 

25 
40 

60 

120 

180 
240 

300 
400 



n soft alluvial deposits 

n clayey beds 

n sandy and silty beds 

n gravelly beds 

n strong gravelly shingle 

n shingley beds 

n shingley and rocky beds 

in rocky and shingley beds. 



Velocity of Water at which Various Substances are carried off. 

feet per second. 
•3 



River mud 

Gravel, fine .. 

Clay 

Gravel, coarse 

Yellow sand 

River sand 

Gravel, size of beans 

Shingle, small 

Shingle, large 

Angular stones, size of an egg 

Rock, soft . 

Rock, seamy 

Rock, hard 



•4 

•5 
•6 

7 

i"o 

1*2 

^•3 

2*6 

30 

6'o 

lO'O 



Memoranda for Calculating Flow of Water, &c. 

Discharge in 24 hours divided by 1440 = discharge per minute. 

Discharge in cubic feet per minute multiplied by 9000 = gallons per day 
of 24 hours. 

Discharge in cubic feet per second multiplied by 2*2 = cubic yards per 
minute. 

Discharge in cubic feet per second multiplied by 6*24 = gallons per 
second. 

Discharge in cubic feet per second multiplied by 133 = cubic yards per 
hour. 

• Sec Neville's " Hydraulics." Crosby Lock wood & Co, 
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Discharge in cubic feet per second multiplied by 575 =: gallons per 
minute. 

Discharge in cubic feet per second multiplied by 2400 = tons per day 
of 24 hours. 

Velocity in feet per second multiplied by '68 = miles per hour. 

Velocity in feet per second multiplied by 60 = feet per minute. 

Velocity in feet per second multiplied by 20 = yards per minute. 

Pressure of water in lbs. per square foot = head in feet multiplied by 
62*32. 

Head of water in feet = pressure of water in lbs. per square foot multi- 
plied by "016. 

IMaohftrge of Sewers. — ^The discharge of sewage pipes is less than that 
of water pipes, the flow being retarded by the rough surface of the pipes 
caused by deposit. Mr. Blackwell's rules given above will apply to sewage 
pipes by using a constant of 2*8, instead of 2*3 used for water pipes. 

Vydzavlio Pvsm. — ^To find the pressure on the ram of the press in 
tons. — Rule : Multiply the area in square inches, of the press ram, by the 
length of the pump handle, from the fulcrum to the point the force is 
applied, in feet, and multiply the product by the force in lbs. applied to the 
handle, and call the result A. Next multiply the area in square inches, of 
the pump-plunger, by the distance in feet, between the fulcrum and the 
centre of the pump-plunger, and multiply the product by 2240, and call the 
result B. ; then divide the result A. by the result B., and the quotient will 
be the pressure in tons on the ram. 

ThicknoM of Metal f6r Kydravllo-PreM Cylinders. — Cast-iron 
cylinders for hydraulic presses are generally made in thickness = to one- 
half the diameter of the ram for a working permanent strain of 2 tons per 
square inch. Barlow's Rule /or the bursting pressure of thick cylinders is : 
— multiply the cohesive strength of the metal in tons per square inch by the 
thickness of metal in inches, and divide the result by the sum of the 
internal radius of the pipe, and the thickness of metal in inches. For 
the thickness of metal it is : — ^multiply the internal radius of the pipe in 
inches, by the internal bursting pressure in tons per square inch, and divide 
the product, by the quotient of the internal pressure, in tons per square inch 
of section, subtracted from the cohesive strength of the metal, in tons per 
square inch. 

Example: A hydraulic-press cylinder of cast-iron 5 inches thick, 

with ram 10 inches diameter, cohesive strength of metal 7 tons, would 

7 tons X 5 inches thickness of metal _ 

5 inch radius -h 5 inches thickness of metal "" ^^ ^^^' 

The bursting pressure should have by the last rule, a thickness of 

, 5 inch radius x 3*5 tons bursting pressure . . , /tt, , 

metal - — ? M^ — : — — _,? r rr = 5 inches. The rule 

3*5 tons — 7 tons cohesive strength of metal 

for finding the cohesive strength required for a given pressure is — add the 
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internal radius in inches of the pipe to the thickness of the metal in inches ; 
multiply the result by the internal pressure in tons per square inch, and 
divide the product by the thickness of metal. 

Taking the above example, the cohesive strength would be 
5 in. rad. -f 5 in. thickness of metal x 3-5 tons internal bursting pressur e 

5 inches thickness of metal ~ 

= 7 tons. 

The AccmiLiilator. — The accumulator is used for storing the pressure 
of water, for working hydraulic cranes and machines. It consists of a long 
cast-iron cylinder, fitted at the top with a stuffing box and gland, through 
which a solid ram works ; at the bottom of the cylinder are two pipes, one 
of which is connected to a pump, and the other to a hydraulic machine. 
On the top of the ram a cross head is fixed, which supports an annular 
cylinder, loaded with scrap-iron. The pump forces water into the cylinder, 
which raises the ram, and so long as the ram is upheld, the pressure of the 
water in the cylinder, and pipes connected to it, will be determined by the 
area of the ram, and the load upon it. 

To find the pressure in pounds per square inch on the water in an accu- 
mulator : Rule J add the weight in pounds of the ram to the weight in pounds 
of the cross head and weighted cylinder, and divide the sum by the area of 
the ram in square inches. 

The usual working pressure of hydraulic cranes is 700 lbs. per square 
inch, and of other hydraulic machines from 15CX? lbs. to 2000 lbs. per 
square inch. 

Pipe CoTTerings. — ^The loss of heat and power by radiation of heat from 
steam pipes is considerable, but it may be reduced to a minimum by 
clothing the pipes with a good non-conducting material, such as hair felt, 
which — ^being light and fibrous — is a good confiner of air. Organic sub- 
stances are good non-conductors, but they should be protected from char- 
ring by encasing the pipes with tin-plate, so as to form a f inch air space 
round the pipe, the air in which makes an efficient insulator of heat. 

Steam Saved by Von-Conduoting Coverings for Steam PipeSp 
relatively to the bare pipes, Each composition being wrapped twice round 
with paper, with an outside cover of double wrapped canvas painted with 
two coats of paint. Total thickness of each covering i^ inches. 



Hair felt, wood lagged . 
Slag wool, wrapped in felt 
Paper, hair felt 
Air space, hair felt . 
Chopped straw, silicated 
Bran, silicated. thin felt 
Air space, bran, hair 
Fossil meal and hair plaster 
Air space, fine wool 
Air space, fine cotton 
Air space, goat's hair . 
Air space, paper-pulp, hair 
Clay, hair, flour, flax fibre 
LATch turnings, hair, flour 



PER 


CENT. 1 


. . . 96 




95 




93 




93 




9a 




91 




90 




89 




89 




87 




86 




. 84 




. 84 


^ 


. 8a 
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Clay, sawdust, paper-pulp, flour . 

Flax fibre, clay, paper shavings, flour 

Moss, hair, sawdust, flour . 

Thin hair felt, straw rope 

Chalk, hair, flour 

Charcoal, sawdust, hair, flour 

Peat, sawdust, hair, flour . 

Pumice stone, sawdust, clay, flour . 

Ashes, hair, cement . 

Asbestos paste, paper 

Brick dust, sand, flax, cement 

Air space, tin-plate case, paper 

Clay, flax refuse 

Asbestos paper, brown paper • 



CKHT. 

80 

79 
79 
78 
78 
76 
74 

74 
7a 

71 
70 

69 
69 
68 
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MILLWORK: SHAFTING, GEARING, 
PULLEYS, ETC. 



TOOTHED WHEEL GEARING. 
Vhsttl Oeurlug. — ^Where motion has to be transmitted with precision, 
toothed wheel gearing must be nsed. The teeth should be so formed that 
the wheels will work together with the smallest amount of friction, and 
work smoothly and uniformi}' with a constantly equal power and with com- 
paratively little noise, in the same manner as if two plain cylinders were 
rolling upon each other by the friction of their own pitch circles. As a 
wheel acts as a lever of a length represented by its radius, the leverage is 
governed by the diameter ; but in making calculations, the number of teeth 




is used instead of the diameter. As fine-pilch wheels have a smoother and 
more uniform action than coarse ones, the pitch should always be made as 
line as possible, consistent with the power transmitted. In calculating gear- 
ing, the diameter of the pitch-circle is taken as the diameter of the wheel, 
and when the wheels are properly in gear their pilch-circles meet and roll 
upon each other. 

IS 
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Bevel ai^d Mitre Wheels must be regarded as two cones rolling upon 
each other, and the teeth are drawn upon the same principle as those of spur 
wheels, the maximum pitch diameter being always taken as the diameter of 
bevel and mitre wheels. 

Form of Teeth of Wheels. — ^The following simple method of form- 
ing the teeth of wheels gives good results. Teeth thus formed and wheels 
made to the following proportions work accurately and smoothly together, 
wear uniformly, maintain their shape, and make very little noise in working. 
The utmost strength being given to the roots of the teeth, the liability to 
breakage and wear and tear is reduced to a minimum, and all wheels of 
the same pitch work properly together. 

When the flank— or side of the tooth below the pitch line — is curved, the 
radius of the flank equals the pitch of the tooth, and the point from which 
this radius is struck is -^ part of the pitch in depth below the pitch line, as 
shown at Fig. 23. 

The radius of the point or face of the tooth, — or that portion of the tooth 
above the pitch circle, — equals -^ the pitch for wheels with less than 21 teeth, 
and ^ the pitch for wheels with upwards of 20 teeth. The point from 
which each radius is struck, is -^ part of the pitch in depth, below the pitch 
line ; the radius of the curve at the root of the tooth is ^ the pitch. The 
flank of the tooth may also be made flat or parallel, and joined to the rim 
with a curve at the root of the tooth having a radius of -^ the pitch, for 
wheels with more than 20 teeth ; but for wheels with flat flanks with less 
than 21 teeth, the flanks should radiate towards the wheel centre, and the 
roots of the teeth should join the rim with a small curve. 



Proportions of Iron Toothed Wheel Gearing. See Fig. 23. 

Divide the pitch into 15 equal parts, then take the following proportions, 
viz. : — 
From the pitch line of the wheel to the top of the tooth = 5 parts. 
From the pitch line of the wheel to the bottom of the tooth = 6 parts. 
Thickness of the tooth at the pitch line = 7 parts. 
Space between the teeth at the pitch line s= 8 parts. 
Thickness of the rim = 7 parts. 
Depth of feather or rib under the rim = 8 parts. 
Thickness of feather or rib under the rim = 7 parts. 
Thickness of the arm = 7 parts. 
Thickness of the feather or rib on the arm = 4 parts. 
Depth of the feather or rib on the arm = 3 parts. 
Diameter of the boss = twice the diameter of the shaft. 
Depth of the boss = i J times the width of face of the wheel. 
Depth of the feather or rib round the boss = 8 parts. 
Thickness of the feather or rib round the boss = 7 parts. 



PROPORTIONS OF TOOTHED WHEELS. 
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Radios of curve at the root of the tooth = 2 parts. See Fig. 33. 

Radius of the point or face of the tooth of wheels wiih apwards of 10 
teeth = II parts. 

Radios of the point or face of the tooth of wheels with less than ai teeth 
= 9 parts. 

Point below the pitch line of the wheel, from which the radius of the point 
(M' ^ce of the tooth is struck = i part. 

Breadth of the arm at the rim = if the pitch of the teeth, whenihe wheel 
face does not exceed z^ times the pitch in width ; and = 2 times the pilch 
for widths of face from z^ to 3 times the pitch ; and = 3 times the pitch 
for widths of face equal to 4 times the pitch. 

Breadth of the arm at the boss, should be increased hj tapering the arm 
down from the rim to the boss, at the rate of ^ inch per foot, on each side 
of the arm. The tendency of the strain being to twist the arm, the power 
acts with the greatest effect near the boss. 

Fig:. 34 shows a form of looth used for crab wheels, called knuckle gear. 




Fig. a$ shows the way to project a pair of bevel wheels, with their sbafu 
at right angles, 
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Fig. 26 shows the way to project a pair of angle wheels, or bevel wheels, 
with their shafts at an angle of 65^. 

\ 




Fig. 36. 

Vnmber of Arms. — Wheels under 2 feet diameter should have 4 arms; 
wheels from 2 to 7 feet 6 inches diameter, 6 arms ; wheels from 8 to 12 feet, 
8 arms; and wheels from 13 to 16 feet diameter, 10 arms. 

Width of Face. — ^The least width of face necessary to resist the full 
transverse strain on the tooth is i| times the pitch, but for the sake of 
durability the width should not be less than 2 times the pitch ; 2^ times the 
pitch is the usual width. The following are good proportions : — 
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Mortice Wheels. — The wood teeth of a mortice wheel are made thicker 
than the teeth of its iron fellow, to compensate for the difference in strength 
of the material ; consequently the thickness of the iron tooth has to be 
reduced, and the length of tooth is also reduced so as to be in proportion 
to the thickness. 

Thickness of wood cog = 9 parts. 

Thickness of tooth of iron wheel or fellow = 6 parts. 

From the pitch line to the top of tooth = 4 parts. 

From the pitch line to the bottom of the tooth = 5 parts. 

Thickness of the rim = the pitch of the teeth multiplied by 1*2. 

Width of face of wheel same as for spur and bevel wheels given above. 

Width of mortice or shank of wood cog = \ inch narrower than the face 
of the tooth. 

Thickness of metal at each end of mortice = 6^ parts. 

No clearance is required; the wood cogs should be trimmed to fit accu- 
rately between the iron teeth. 
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When a pair of wheels of large diameter and quick speed work together, 
the larger one should have wood teeth, and the smaller one iron teeth. 
Wood teeth wear out sooner, but are not more liable to break than iron 
teeth. Hornbeam and crab-tree are the best woods for making the cogs, 
and when working they should be smeared with a mixture of soft soap 
and plumbago. 

Wozm-WlieeLi. — ^When the shafts are at right angles, the action of a 
worm and worm wheel is similar to that of a rack and pinion, and the 
formation of the teeth at the section at the centre of a worm wheel, should 
be the same as those of a spur wheel of the same diameter, and the section 
of the thread of the worm should be the same as the teeth of a rack of the 
same pitch of tooth. Each revolution of the worm, turns the worm-wheel, 
to the extent of one tooth with a single thread worm, and 2 teeth with a 
double thread worm. The teeth of worm-wheels are made shorter than 
spur wheels. The amount the teeth are angled or skewed is equal to the 
pitch of the teeth. 

Thickness of tooth = 7 parts. 

Space between the teeth = 8 parts. 

From the pitch line to the top of the tooth = 4^ parts. 

From the pitch line to the bottom of the tooth = 5^ parts. 

Radius of the point or face of the tooth = 9 parts. 

Flank of tooth, straight and flat. 

Width of face of tooth = i^ times the pitch. 

Piteh of Small Whaels. — ^The pitch of change wheels and other 
small wheels, is reckoned on the diameter of the pitch circle, of the wheel 
instead of the circumference, and it is called the pitch per inch — thus 8 
per inch, 10 per inch, and so on. 

To find the number of teeth, in a wheel of a given diameter and pitch per 
inch : — 

Multiply the diameter of the pitch circle in inches, by the given pitch per 
inch. 

To find the diameter of the pitch circle, to contain a given number of 
teeth of a given pitch per inch : — 

Divide the number of teeth by the reqtiired pitch per inch. 

Table 18. — Pitch per inch in Diameter and Circular Pitch 

Compared. 



Pitch per Inch 
in Diameter. 


Nearest Circular 
Pitch in Inches. 


Pitch per Inch 
in Diameter. 
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Pitch in Inches. 
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The pitoli per incli in diameter (Table i8}, bears the same ratio to the 
circular pitch, as the diameter to the circumference, a diametral pitch of 
I inch, corresponds with a circular pitch of 3*1416 inches; hence to find 
the circular pitch divide 3*1416 by the given diametral pitch, and to 
find the diametral pitch divide 3*1416 by the given circular pitch. The 
outside diameter of a wheel — over the top of the teeth — is found by 
adding two parts of the diametral pitch to the pitch diameter, for instance a 
wheel of 48 teeth, 8 per inch pitch, is 6 -f f ths = 6^ inches diameter out- 
side. The depth of tooth of these small wheels is usually = ^ths the pitch. 

Angular and Circumferential Velocity of Wheels. — ^The angalar 
velocity of a revolving body, is the velocity of a point at a unit's distance 
from the centre of motion, or the angle swept through in a second by a line 
perpendicular to the axis of motion, the angle being expressed in circular 
measure. Every point of a revolving wheel has a difiFerent velocity in 
proportion to its distance from the centre of motion, for instance in a 
revolving pulley, the boss will make the same number of revolutions as 
the rim, but the angular velocity of the rim will be greater than that of the 
boss. 

To find the circumferential velocity of a wheel: — ^Multiply the circum- 
ference in feet by the number of revolutions per minute, the product will 
give the space passed through by any point of the circumference in feet 
per minute, which divided by 60 will give the velocity in feet per second. 

To find the angular velocity of a wheel, or the number of revolutions 
made in a given time: — ^Divide the circumferential velocity per second, 
(found by the last rule) by the circumference in feet, the result will give 
the angular velocity, which multiplied by 60 will give the number of revo- 
lutions per minute. 

The Centre of Gyration is a point in a revolving body in which the 
momentum, or energy of the moving mass, is supposed to be concen- 
trated. 

The radius of gyration of a fly-wheel (including arms and rim) and of 
gearing may be assumed in practice as the radius of the inside of the rim. 
To find the amount of force, to apply at the radius of a wheel, to cause it to 
make a certain number of revolutions, in a given number of seconds. 
Rule : multiply the number of revolutions by the weight of the wheel in lbs., 
and multiply the product by the square of the distance in feet from the 
centre of motion to the centre of gyration, and call the result A. Then 
multiply the constant number 153*5 by the number of seconds during which 
the force is applied, and multiply the product by the radius in feet on which 
the force acts, and call the result B. ; lastly, divide the result A. by the result 
B., which will give the required force in lbs. 

The Badins of Gyration of a solid wheel of uniform thickness, or of 
a circular plate, or of a solid cylinder of any length, revolving on its axis, is 
s= to the radius of the object multiplied by '7071. 
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SPEED OF GEARING. 

The ratio of the numbers of teeth in a pair of wheels, must be the same 
as that of their diameters. 

To find the speed of the driTing wheel : — Multiply the number of 
teeth in the driven wheel, by the number of revolutions it makes per 
minute, and divide the product by the number of teeth in the driving 
wheel. 

To find the speed of the driTon wheel. — Multfply the number of 
teeth in the driving wheel, by the number of revolutions it makes per 
minute, and divide the product by the number of teeth in the driven wheel. 

To find the final speed of a train of wheels. — Multiply the number 
of revolutions per minute of the first driving wheel, by the product of the 
number of teeth in the driving wheels, and divide the result by the pro- 
duct of the number of teeth in the driven wheels. 

To find the number of teeth in the driTing wheeL — ^Multiply the 
number of teeth in the driven wheel, by the number of revolutions it makes 
per minute, and divide the product by the number of revolutions of the 
driving wheel. 

To find the number of teeth in the driven wheel. — Multiply the 
number of teeth in the driving wheel, by the number of revolutions it 
makes per minute, and divide the product by the number of revolutions of 
the driven wheel. 

To find the relative numbers of teeth in a pair of wheels, when 
the speeds of the driving and driven shafts are given. Divide the speed of 
the driven shaft, by the speed of the driving shafts ; the quotient is the ratio 
of their speeds ; and the numbers of teeth in the wheels must be in the 
same ratio. 

To find the diameters of a pair of wheels, the distance between the 
centres, and also the speed of each shaft being given. Multiply the speed 
of one shaft by the distance between the centres in inches, and divide the 
product by the sum of the speeds of the two shafts, the result will give the 
radius of one wheel, which doubled, will give its pitch diameter in inches. 
The radius of this wheel subtracted from the distance between the centres, 
will give the radius of the other wheel. 

To find the pitoh of a wheel. — ^Divide the diameter of the wheel at the 
pitch circle, by the number of teeth, and multiply the quotient by 3-1416. 

To find the number of teeth in a wheel. — Divide 3' 14 16 by the 
pitch, and multiply the quotient, by the diameter of the pitch circle in 
inches. • 

To find the diameter of a wheel at the pitoh circle.— Divide the 
pitch by 3*1416, and multiply the quotient by the number of teeth. 

Wheels and Pinions. — ^A wheel should not have more teeth than 
6 for I of its pinion. Large pinions are desirable, because when a large 
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wheel drives a small pinion rapidly, the teeth of the pinion moving in a 
small circle, abruptly meet the teeth of the wheel, and cause an uneven 
jolting motion. When wheels drive pinions, no pinion should have less 
than 20 teeth, and in mill work not less than from 35 to 45 teeth, to enable 
them to work properly, and have a sufficient number of teeth in gear at 
the same time. When pinions drive wheels no pinion should have a less 
number than 13 teeth; rather 16 or 18. When quick speed is required 
instead of using a large wheel and very small pinion, it is better to get up 
the speed by using an intermediate shaft with wheel and pinion, and the 
friction will not be materially increased thereby. 



POWER OF WHEEL GEARING. 

Power of Wheel Gearing. — ^The pressure on the teeth of wheels varies 
inversely as the number of revolutions and directly as the power trans- 
mitted. Thus, if the same power be transmitted by two wheels at different 
velocities, say one at 30 and the other at 120 revolutions, the strain on the 
former will be four times that of the latter ; or if one wheel transmits 10 
horse-power and another 20 horse-power at the same velocity, the strain on the 
latter will be double that of the former. Again, the power transmitted by a 
wheel depends upon the number of teeth in gear at one time and also upon 
its velocity. 

Power of Spur Wheels. — The horse-power of the ordinary spur 
wheels used in machinery and millwork is given in table 19, which has 
been deduced from cases in practice. In cases where wheels are subject 
to unusually great strains they are made of other materials than cast iron. 

Good Malleable Cast-iron Wheels have double the strength of cast- 
iron wheels. 

Good tough Giu-metal Wheels« have double the strength of cast-iron 
wheels. 

Wronght-Xron Wheels, are three times as strong as cast-iron wheels, 
when made of best iron, with the grain of the iron in the direction of the 
circumference of the wheel. 

Good Cast-Steel Wheels« are four times as strong as cast-iron wheels. 

Shrouded Wheels, or wheels with two flanges, are from one-third to 
one-half stronger, according to the form of tooth, than plain wheels. 

The Power of Bevel and Mitre Wheels may be taken from 
table 19, but instead of the maximum, the mean diameter and pitch must 
be taken; for instance, a bevel wheel 36 inches maximum diameter, with 
6 inches face, has a minimum diameter of 30 inches, the mean diameter is 
therefore 33 inches, the pitch is 3 inches, but the minimum pitch is in pro- 
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portion to the diameter; thus ~ — ir^-= 2 "5 minimum pitch, and the mean 

pitch will therefore be -^-^ — 2. = 275 mean pitch, and in looking for 

the horse-power in the table, it must be called 33 inches diameter x 2| 
inches pitch. 

Power of Mortice-Wheels. — When running at a good speed, mortice- 
wheels are quite as strong as iron toothed wheels, but at a low speed they 
are weaker than iron wheels. 

Power of Crane Qearing. — ^When wheels work at very low velocities 
lifting heavy weights, as in cranes, the safe working load should not 
exceed -^ of the breaking weight, and the strength of the teeth should be 
calculated accordingly. A bar of good cast-iron i inch long, and i inch 
square, loaded at the end, will break with 6coo lbs., and the tooth of a wheel 
is similar to a beam loaded at one end and fixed at the other, hence the 
following rule : — 

To find the Brealdng Strain of each Tooth in a WheeL — Multiply 
the square of the thickness of one tooth by its width, then by 6000, and 
divide the result by the length of tooth, the product will be the breaking 
weight in lbs. of each tooth. 

JSxample : A crane to lift 4 tons, has a wheel 4 feet diameter, with a 
barrel 12 inches diameter, measuring to the centre of the chain. The 
pressure at the pitch-line of the wheel will be the weight to be lifted in lbs., 
multiplied by the diameter of the barrel in feet, and divided by the diameter of 

the wheel in feet: then -2 = 2240 lbs. actual strain, and suppose 

*7C ^C A. X 6000 

the teeth to be i thick x i4 long x 4 inches wide, then -i-2 5 

* *^ ® 1125 

s= 1 1,786 lbs. the breaking weight of one tooth, and if two teeth are in 

gear at the same time, the breaking strain of two teeth will be 11,786 x 2 

= 23,572 lbs., the ratio of which to the actual strain is ?-2.5^ = 10^ to i, 

2240 

which is ample for safety. Machinery subject to shocks from sudden 

change of speed and irregular strains, must have an excess of power in the 

gearing to provide against accidents. This rule for obtaining the actual 

strength of teeth applies to wheels working slowly and lifting heavy weights 

— ^the following rule is used for ordinary gearing. 

Horse-Power of Clearing. — To find the horse-power of ordinary iron- 

toothed spur wheels^ used in machinery and millwork. Rule: Muhiply the 

square of the pitch of the teeth in inches, by the width of face of the teeth 

in inches, multiply the product by the diameter of the wheel in feet at the 

pitch circle, and multiply that product by the number of revolutions per 

minute, and divide the result by the constant number 240, the result will be 

the actual or indicated horse-power which that wheel will properly transmit. 



124 THE WORKS MANAGER'S HAND-BOOK. 



CRANE GEARING. 

To find the strains at the pitch-lines of a train of wheels, such as the 
crane gearing shown at Fig. 27. 
The power exerted by a man at the handle of a crane, working continu- 



Fig. 87. 

ously, is 15 lbs. at a velocity of 220 feet per minute; the strain at the 
handles worked by 4 men will be 15 x 4 = 60 lbs., and assuming the 
gearing to be as follows : — 

ist pinion A, 6 inches diameter. 

ist wheel B, 36 „ „ 

2nd pinion C, 10 ,, „ 

2nd wheel D, 60 „ „ 

3rd pinion E, 20 ,, „ 

3rd wheel F, 80 „ „ 

Diameter of the barrel at the centre of the chain = 20 inches. 

Radius of the handles =16 inches, then 

60 lbs. strain at the handles x 16 radius of the handle ,, ^_. 

; — =- -J-. 7-2 — : — r-T 7 = 320 lbs. strain 

3 mches radms of nrst pmion A ^ 

at the pitch lines of wheels A and B. 

320 lbs. X 18 inches radius of first wheel B 1. . . ^ ^t 

— ^ ; — r -J-. 7 J — :-^ — 7^ =1152 lbs. stram at the 

5 mches radms of second pmion C ^ 

pitch lines of wheels C and D. 

1 1 52 lbs. X 30 inches radius of second wheel D ^ ii_ ^ . ..i. 

— 2 : — 2 — _ — — 3^q5 ibg. stram at the 

10 mches radms of third pmion £ ^ ^ 

pitch lines of wheels £ and F. 



FRICTIONAL GEARING AND ROPE-GEARING. 



3456 lbs. X 40 radius of third wheel F 



: 13814 lbs. strain on 



to inches radius of barrel at the centre of the chain " 
the chain, 

or -2 — - = 6'ii6 tons, and as the snatch block, or running pulley, will 

donble the power, about isj tons would be lifted by the 4 men. 

Txietievd Qaaxing. — The pitch of frictional gearing varies from ^ inch 
to I inch ; the driving power is one-sixth of the interpressure between the 
irtieels. Fig. 28 is a full size section of teeth i inch pitch — which is the 




Fig. at 

pitch generally osed for hoists — and represents the exact form of tooth 
found to answer best in practice for this purpose. Thickness of tooth 
= jths the pitch: width of space between the teeth = f tbs the pitch: depth 
of tootb= |ihs the pitch: angle of point of tooth = yo". 

Unjn CIcNiTiinf — Rope driving-gear — consisting of rope-belts working 
<Ki grooved pulleys — is extensively used for transmitting power from 
the fly-wheel of engines, &c. ; it is best adapted for driving shafts which 




nin at high and uniform speeds, such as the main shafts of factories. For 
such purposes its cost is about one-third that of belt-gearing. The ropes are 
generally made of hemp of 4} inches circumference for small powers, and 
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5^ and 6| inches circumference for large powers. The slack or retam 
side of the rope should be at the top, and Uie tight or driving side at the 
bottom of the pulleys. The ropes are never tightened to run straight over 
the tops of the pulleys, but hang with a good sag between the pulleys. 
Fig. 29 shows the form of pulley used for rope gearing. The sides of the 
grooves below the centre of the rope are inclined at an angle of 45*^ ; the 
distance between the centres of the grooves is equal to from *45 to one-half 
the circumference of the rope ; the distance of the centre of the rope from 
the top of the pulley, and also from the bottom of the groove is Jths of the 
diameter of the rope. The circumference of the smallest pulley should not 
be less than thirty times the diameter of the rope. The circumferential 
velocity of the flywheel may be from 3000 to 5000 feet per minute — ^but a 
speed of 4 500 feet gives, probably, the best results in practice. The shafts 
should be from 30 feet to 80 feet apart. The splice of the rope should 
be about 10 feet long. 

Weight of Fnlleys for Sope-Qearing. — ^The weight of cast-iron rope 
pulleys — turned and finished — ^made to the above proportions, may be cal- 
culated approximately by the following rule : Multiply the square of the 
pitch of the grooves in inches by the number of grooves, and by the diameter 
of the pulley in feet, and divide the last product by one of the following 
constant numbers, viz., by 13 if the pulley is cast whole ; or by 10 if it 
is split — that is, in halves and bolted together ; — and the quotient will be 
the weight in cwts. 

Weight of Cast-Iron Ropk-Pullkys — ^Turned and Finished — for 
Ropes 2 Inches Diameter. — Pitch of grooves, 2 J inches ; the sizes 
above 8 feet diameter being in halves and bolted together. 



Diameter, in feet . . . 
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Weight, in cwts. 


15 


26 


35 


40 


66 


74 


90 


99 
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Horse-power of Sope-Qearing. — ^To find the number of indicated 
horse-power transmitted by rope-gearing. JRuie: Multiply 8 times the 
square of the circumference of one rope by the number of ropes, and 
by the circumferential velocity of the driving pulley in feet per minute ; and 
divide the product by 33,000. 

Strength of Sopes for Sope-Gearing. — ^The breaking strength of 
the untarred or white hemp-ropes used for rope-belts, varies from 6,400 lbs. 
to 1,100 lbs. per square inch; the average breaking strength being 8,700 
lbs. per square inch. The working strength is one-sixth of the breaking 
strength or 1,450 lbs. per square inch. 
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Weight of Bope-Bolts.— Rope-belts, if inches diameter, weigh about 
3 lbs. per yard, and rope-belts, 2 inches diameter, weigh about 4 lbs. per 
yard, the weight of the rope in lbs. per yard being approximately equal 
to the square of the diameter of the rope in inches. 

Friotdon of Bopa-Belts. — ^The friction of a rope working in a taper 
groove on a cast-iron pulley is three times greater than that of a rope 
working on a cast-iron pulley without a groove. The co-efDcient of friction 
for a rope on a cast-iron pulley without a groove being '28 ; that of a rope 
working in a taper groove on a cast-iron pulley is '38 x 3 = '84, when the 
groove is not greased. If the groove be greased the co-efficient of friction 
is reduced to the extent of one-half. 



WEIGHT AND HORSE-POWER OF TOOTHED WHEEL GEARING. 

The wttiglit of cast-iron toothad-whoel gearing may be found 
approximately by the following rule. Multiply the number of teeth by the 
square of the pitch in inches, and by the width of the face in inches ; 
and divide the product by one of the following constant numbers, which 
will give the weight of the wheel in lbs. 

2*2 for spur mortice wheels complete with wood teeth. 

2*4 for iron toothed spur wheels. 

2*6 for bevel and mitre wheels complete with wood teeth. 

2*9 for bevel and mitre iron toothed wheels. 

TAe weight of cast-iron spur wheels, cast from a good set of patterns, is 
given in table 19 ; the weight of cast iron bevel and mitre wheels, is one- 
sixth less than the weight of cast iron spur wheels. The weight of spur and 
bevel mortice wheels complete with wood teeth, is one-tenth more than 
similar wheels of cast iron. 

The horse-power of an ordinary spur wheel may be found by multiplying 
the horse-power given in Table 19 by the number of revolutions the wheel 
will make per minute. 

Tlie weight of small spur wheels, commonly called change wheels, 
is given at page 299. 

Xaehine-Monlded Wheels vary much in weight, and are usually made 
unnecessarily heavy, — ^wheels being sold by weight, many ironfounders 
make them as heavy as they can — their weight being generally from 25 to 
50 per cent, heavier than pattern-moulded wheels. The weight of machine- 
moulded toothed-wheels may be found approximately by adding 30 per 
cent, to the weight of the pattern-moulded wheels given in Table 19, this 
percentage being the average overweight of a large number of machine- 
moulded wheels. 

The Weight of Cast-Steel Wheel-Castings may be found by adding 
I lb. for every 12 lbs. weight of similar wheels of cast-iron. The Breaking 
strain per square inch of section of good ordinary mild-steel castings varies 
from 28 to 34 tons, with from 10 to 15 per cent, elongation. 
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•0330 




7f 


I 13 


•046 


46 




4i 


028 


•0205 




6| 


3 16 


•0336 




I 16 


•047 


47 




?l 


2 10 


•0210 




6i 

7 

/a 


3 19 


•0343 




H 


I 19 


•048 


48 




2 13 


•0215 




3 21 


•0349 




9 


I 22 


•049 


49 




58 


2 15 


•0220 




3 23 


•0356 




9i 


I 25 


•050 


50 




6 


2 17 


•0225 




8 


3 25 


•0365 




9t 


I I 


•051 


51 




6J 


2 18 


•0228 




8| 


100 


•0371 




io| 


112 


•052 


52 




6| 


2 19 


•0232 




8l 


I 3 


•0378 






I I 5 


•053 


53 




^t 


2 20 


•0235 




9I 
91 


I 6 


•0387 




I I 8 


•054 


54 




7^ 


2 21 


■0240 




I 8 


'O393 




"1 


I I II 


•055 


55 




7f 


2 22 


'0245 




loj 


I 10 


•0400 


2 





I I 15 


'056 


56 




8^ 


2 24 


•0250 




I 13 


•0407 


2 


oi 


I I 18 


•057 
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Tablx 19 con. — ^Wkight and Horsepower of Cast-Iron Spur- Wheels. 




Pitch x} In. Facb, yk Im. Widb. Pitch i|In Facb,3{ In. Wide. 



Weight of 
Spurlyiieel 



cwt. 



qr. lb. 

o 15 

18 



2 
2 
2 

2 
2 
2 



O 
O 

o 
o 



2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 

3 

o 

o 
o 
o 
o 
o 



20 

23 

25 

o 

3 

5 
8 

10 

12 

15 

17 

20 

22 

25 
o 

3 

5 
8 

II 

13 
16 

18 

21 

23 

25 
27 

2 

4 

7 
10 

12 

15 
18 

20 

22 

25 
o 

I 
9 

13 
14 



SI'S 2: 

»8 



Dtauneter 

of Pitch 

Circle. 



•0413 

•0420 

'O429 

•0435 
•0460 

•0466 

•0474 
•0480 

•0485 

•0490 

•0495 
•0497 

•0503 

•05 1 1 

•0517 

•0522 

•0530 

•0536 

•0545 
•0558 
•0561 
•0566 
•0580 
•0584 
•0580 
•0598 
•0605 
•0610 
•0618 
•0624 
•0633 
•0642 
•0646 
•0660 
•0664 
•0672 
•0680 
•0686 
•0690 
•0698 
•0706 
•0712 
•0721 
•0730 



3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



Wdeht of 

Spur Wheel 

Castiag. 



cwL qr. 
I 

I 
I 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3 

3 
3 
3 
3 
3 
3 
3 
3 

3 

2 o 

2 o 

2 O 

2 O 

0'^\ 2 O 

2 O 

2 O 

2 O 

2 O 

2 I 

2 I 

2 I 

2 I 

2 I 

2 I 

2 I 

2 I 

2 2 

2 2 

2 2 

2 2 

2 2 



lb. 
21 

24 
27 

2 

6 

9 
12 

15 

17 

20 

23 
26 

o 

3 

6 

9 
12 

15 
18 

21 

24 
27 

I 

II 
14 

17 
20 

23 
24 
27 

3 

7 
10 

13 

18 
21 

24 

o 

4 
8 

II 
14 



Hi 
p 0.9 



059 

060 
061 
062 
063 
064 
065 

066 

067 

068 

069 
070 
071 
072 

073 
074 
075 

076 

077 
078 
079 
080 
081 
082 
083 
084 
085 
086 
087 

088 

089 

090 
091 
092 

093 

094 
095 

096 

097 

098 
099 

100 

lOI 

102 
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Pitch i\ In., Facb 4 In. Widb. Pitch if In., Facb 4} In.Wii». Pitch xI In., Face 5 In. Wtm. 



o 



Diameter 

of Pitch 

Ciicle. 



Wdeht of 
Spur Wheel 



Mi 

o o.S 



i 



Diameter 

of Pitch 

Circle. 



Weifhtof 

Spur Wheel 

Castii^. 



Ill 



_ 9 
b 

a *^ 

o 



i' 



Diameter 

of Pitch 

Circle. 



Weight of 

SpitfWheel 

Casting. 



i 
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Tablx 19 con. — ^Weight and Horsepower op Cast-Iron Spur-Wheels. 



Pitch if In., Face si In. Wide. 



aH 

as 



57 
58 

59 
60 

61 
62 

63 
64 

65 
66 

67 
68 

69 

70 

71 
73 
73 
74 

75 
76 

77 
78 

79 
80 

81 

82 

83 
84 

85 
86 

87 
88 

89 
90 

91 
92 

93 
94 

96 

98 

99 
100 



ofKtdi 



ft. in. 
2 10 

2 10* 

2 Ilj^ 

2 Il| 



3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



I 



of 

il 

2 
3 

4 

4 

5 

5 
6 

6 

7_ 

7^ 
8 

9 






Weishtoi 
Spur wbed 



cwt. 

3 



5 

5 

5 

5 

5 

5 

5 

5 

5 
6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

7 
7 
7 
7 
7 



qr. lb. 

3 20 

4 
16 

o 

12 
24 

8 
16 

34 

4 
12 

20 
o 
8 

16 

24 

4 
12 

20 
o 
8 

16 

24 

4 
12 

20 

o 

8 

12 

20 

o 



o 
o 
I 

I 
I 

2 
2 
2 

3 

3 

3 
o 

o 

o 

o 

I 

I 

I 

2 
2 
2 
2 

3 
3 

3 

o 

o 
o 
o 
I 
I 
I 

2 

2 
2 

3 
3 

3 

o 

o 

I 
2 

3 



9 
18 

o 

9 

19 

o 

10 
20 

4 
14 
25 

12 
O 



rii 
£§1 



»8 



226 
230 

334 

237 
242 

246 

250 

254 
258 

262 

266 

270 

274 
277 

281 

284 
288 
292 
297 
302 
306 

309 
313 
317 
321 

325 
331 
336 
33B 
341 
345 
349 
353 
357 
362 

366 
370 
373 

378 
382 

386 

389 
393 
396 



Pitch 3 In., Face 6 In. Wide. 



Diameter 

of Pitch 

Circle. 



ft. in. 



Weight of 

Spur Wheel 

Casting. 



cwt 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
8 

8 

8 

8 

8 

8 

8 

8 

8 

9 
9 
9 



qr. 
O 

o 
o 
I 
I 
I 

2 
2 
2 

3 

3 
o 

o 

o 

I 

I 

2 
2 
2 

3 
3 

3 

o 

o 
I 
I 
I 

2 
2 
2 

3 

3 

o 

o 
o 
I 
I 

2 
2 

3 

3 

o 

o 
I 



lb. 

O 
10 
20 

2 
12 
22 

6 
16 
26 
10 

19 

5 
16 

26 

8 

18 

o 

10 

20 

2 

12 

22 

4 

15 
o 

10 

21 

4 
14 

25 
8 

18 

o 

II 

22 

7 
18 

4 

15 
o 

12 

o 

14 

o 



i 



lis 



302 

307 
312 

318 
323 
329 
334 

339 
344 

350 

360 

365 
370 

376 
382 

387 
392 

397 
403 
408 

413 

418 

425 
429 

435 

440 

445 

451 

457 
461 

466 

471 

477 
482 

487 

493 

499 

504 

509 

515 
519 
525 
530 



Pitch a} In., Face 7 In. Wide. 



Diameter 

of Pitch 

Circle, 



tt m. 



4 10 

4 lOJ 



1 



Weiehtof 

Spur Wheel 

Casting. 



cwt. qr. 

7 I 

7 

7 

7 

7 

7 
8 

8 

8 

8 



8 
8 

9 
9 
9 
9 
9 
9 

9 

o 

o 
o 
o 
o 
o 
o 



2 
2 
2 
2 
2 
2 

3 
3 

3 
4 



I 

2 
2 

3 

3 
o 

o 

I 

I 



8 2 
8 2 



3 

3 
o 

I 

I 

2 

2 

3 

3 
o 

I 

I 

2 
2 

3 

3 

o 

o 
I 

2 
2 

3 

o 

o 
I 

2 
2 

3 

o 

I 
2 

o 



lb. 

4 
18 

4 
18 

4 

19 

4 

18 

5 

19 
6 

20 

8 

24 

12 

o 

15 

5 
20 

6 

22 

12 

o 

15 
4 

20 

9 

25 

10 

26 

14 

4 
21 

10 

o 

18 

8 

o 

20 

16 

10 

14 
16 

o 



•* *i ti 



•360 
•367 
•373 
•379 
•385 
•392 

•399 
•404 
•408 
•416 
•423 
'430 
•436 
•442 
•448 

•454 
•460 
•467 

•474 
•481 
•487 
•492 

•498 
•505 

•511 

'518 

•524 

•531 
•537 
•543 
•549 
'556 
•562 
•567 

•573 
•580 

•587 

•594 
•600 

•606 

•613 

'619 

'625 

•631 
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Pitch s} In., Facb 9 In. Widx. Pitch 3 In., Facb xo In. Wins. 



Diameter 

of Pitch 

Qrcle. 



Weight of 

Spur Wheel 

Casting. 



cwt. 
2 

3 
3 
3 
3 
4 
4 
4 
5 
5 
5 

5 
6 

6 

6 

6 

7 

7 

7 

7 
8 

8 

8 

8 

9 

9 

9 

9 
o 

o 

o 

I 

I 

I 

I 

2 
2 
2 

2 

3 
3 
3 
3 



qr. lb. 

3 20 

8 

1 5 

2 16 

3 18 
I o 



2 

3 

o 

I 

2 

3 

o 

I 
2 

3 

o 

I 
2 



2 

3 

o 

I 
2 

3 
o 

I 

2 

3 
o 

I 

2 

3 

o 



6 

4 
8 

6 

8 

o 

7 

2 

5 
9 
5 

I 



16 

1 20 

2 22 

3 20 

18 

1 20 

2 21 

3 24 
I o 



o 
6 
o 

4 
O 

6 
o 

5 
o 

6 

o 
o 

5 
8 

o 



;i 



It 



K^ 



Is 



Diameter 

of Pitch 

Grcle. 



•26 
•28 

•30 
•32 

•38 
•40 

•42 

•44 
•46 

•49 

■51 
•53 

•55 
•57 

•61 

•65 

•67 
•69 

•71 

•73 

75 

'77 

79 
•81 

•83 

•85 

•87 
•89 

•91 

•93 

•95 

•97 
•99 

I-QI 
1-03 
1-05 
1-07 
1*09 
I'll 

Jt-i3 



2 



3i 



8 



Weight of 

SpurWheel 

Casting. 



cwt. 

3 
3 
4 
4 
4 
5 

5 
6 

6 

7 

7 

7 
8 

8 

8 

9 

9 

9 
o 

o 

o 

I 



qr. Ik 

2 O 

3 14 

1 10 

2 O 

3 18 

o 20 

2 15 
o o 

2 16 

O 

1 O 

2 16 

O 

1 16 

3 o 

o 

1 8 

2 14 
o o 



3 
3 
3 
4 
4 
4 

5 

5 
6 

6 

6 

7 

7 
8 

8 



2 

3 
o 

I 

2 

3 

o 

2 



o 
o 
o 
o 
o 

4 

o 

o 



3 10 

8 

1 16 
3 10 
o o 

2 O 

3 10 
o 18 

3 o 

o o 

2 O 

3 o 

14 

3 o 

1 4 

2 14 
o o 



o p.a 



37 
42 

44 
46 

50 
53 
56 

II 

65 
68 

71 

73 

75 
78 

83 

84 

86 

89 

94 
96 

00 
04 
06 
10 

12 
13 
18 
20 

24 
26 

30 

36 

40 

42 

44 

47 

50 

52 

55 
60 

6 

6 
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Table 19 r^ff.— Weight and Horsepower of Cast*Iron Sfur-Wheels. 



Pitch ak Ih., Face 8 Im. WidlIpitch a| Im., Face 9 In. WioB.|piTaf 3 In., Face so In. Widb. 


•3 

H 


Diameter 
of Pitch 


wdsiitor 

Spur Wheel I 


hi 


Diameter 
oTPitdi i 


Sis 
Weight of III 

Spur Wheel P< gs 


Diameter 
of Pitch 


Wdshtof 
Spur Wheel t 


Hi 


CSicle. 


Cutiag. 


Ifi 


Cirde. 


Quting. 


it^ 


Oide. 


Casting. 




a 




1 


s8 




S8 1 








ft. ia. < 


:wt. cp". lb. 




ft. in. cwt. qr. lb. 




ft in. < 


nn. qr. lb. 


57 


3 9l 


10 2 4 


74 


4 If 


14 I ] 


[•16 


4 6| 


19 I 


I '69 


58 


3 'Of 


10 3 


•75 


4 af 


14 2 8 ] 


[•18 


4 7f 


19 2 18 


172 


§9 


3 III 10 3 18 

3 11; II 10 


'77 


4 31 


14 3 10 ^ 


[•20 


4 8l 


20 


175 


60 


•78 


4 4 


15 7 1 


[*22 


4 9: 


20 I 


177 


61 


4 Of 


II I 20 


•79 


4 5 


15 X 8 ] 


[•24 


4 loi 
4 "t 


20 2 14 


r8i 


62 


4 If 


II 2 18 


•81 


4 6 


15 2 9 ] 


[•26 


21 


1-84 


63 


4 24 


II 3 10 


•83 


4 7* 


15 3 10 ^ 


[•28 


5 oi 

5 4 


21 I 8 


1-87 


64 


4 3 


12 16 


•84 


4 8 


16 10 ] 


[•30 


21 2 16 


1*90 


6S 


4 3i 
4 4i 


12 I 20 


•85 


4 81 


16 I ] 


[•32 


S » 


22 


1*93 


66 


12 2 12 


•86 


4 9* 


16 2 4 ] 


^•35 


5 3 


22 I 8 


1*96 


67 


4 5f 


12 3 


•87 


4 loi 
4 "i 


16 3 12 : 


i'37 


5 4 


22 2 6 


1*99 


68 


4 6| 


12 3 15 


•89 


17 10 


^•39 


5 5 


23 


2 '02 


69 


4 7 


13 5 


•90 


5 of 


17 I 5 


1-40 


5 6 


23 I 


2 '06 


70 


4 7i 
4 8} 

4 9t 


13 I 6 


•92 


5 ^t 


17 2 8 


1*42 


5 6| 
5 7I 


23 2 


2 '09 


71 


13 2 10 


•93 


5 ij 


17 3 10 


1-45 


23 3 


2'II 


72 


13 3 U 


•94 


5 3, 


18 20 


1-47 


5 H 


24 


2'14 


73 


4 10 


14 


•95 


5 3t 

5 4I 


18 I 20 


1-49 


5 9f 


24 I 


2*17 


74 


4 lof 


14 18 


•96 


18 2 22 


1-51 


5 lof 


24 2 


2'20 


75 


4 "; 


14 I U 


'^l 


5 5' 
5 6- 


18 3 24 


1*52 


5 iif 

6 oi 

6 il 
6 2I 

6 3I 


25 


2'23 


76 


5 Of 
5 iJ 


14 2 10 


■98 


19 I 10 


1-55 


25 2 


2-25 


77 


143 B 


•99 


5 Zf 


19 2 20 


1-57 


26 


2*29 


78 


5 2 15 6 


1-03 


5 8} 


20 21 


1-59 


26 2 


2-32 


79 


5 3] 
5 4^ 
5 5: 


15 I 


I '04 


5 n 


20 2 24 


i*6i 


27 


2"35 


80 


15 3 4 


I '06 


5 10 


21 I 4 


1*63 


6 4f 


27 2 


2-38 


81 


16 


V07 


5 lof 


21 2 


1-65 


6 5 


28 


2'4I 


82 


16 14 


I '09 


5 "1 


21 3 10 


1-67 


6 6 


28 2 


2*44 


83 


5 6 


16 I 


I'lO 


6 0* 


22 8 


1*69 


6 7: 


29 


2'47 


84 


5 61 

5 7 
5 8 

5 9} 


16 I 16 


I'll 


6 I 


22 I 20 


171 


6 8 


29 2 


2*50 


51 


16 3 8 


I'I2 


6 2 


" 3 5 


173 


6 9 


30 


2-54 


86 


17 


ri4 


6 3 


23 10 


175 


6 loS 


30 2 


2'57 


87 


17 20 


ri5 


6 4 


23 I 20 


177 


6 II 


31 


2-6o 


88 


5 10 


17 I 10 


i*i6 


^ 5 


23 2 20 


179 


7 


31 2 


2*62 


89 


5 'o| 


17 2 16 


ri7 


t l\ 


24 16 


r8i 


7 I 


32 


2*65 


90 


5 ii| 

6 of 


17 3 20 


ri8 


6 6 


24 I 20 


1-82 


7 2 


32 2 


2-68 


91 


18 I 3 


I*20 


6 7 
6 8| 


24 2 21 


1-85 


7 2| 
7 3 


33 


271 


92 


6 I 


18 2 


I"2I 


25 10 


1-87 


33 2 


273 


93 


6 2 


18 2 23 


I'22 


6 9f 


25 I 10 


1-89 


7 4 


34 


276 


94 


6 2; 

6 3 


; 18 3 13 


1-23 


6 10} 


25 2 20 


1-91 


7 5: 


34 2 


279 


95 


19 


1*25 


6 ii| 


26 24 


i'93 


7 6; 


; 35 


2-83 
2-86 


96 


6 4 


19 18 


1-27 


7 


26 2 20 


1-95 


7 7 


35 2 


97 


t P 


^ 19 I 10 


1-28 


7 oi 


27 


1-97 


7 8 


36 


2-89 


98 


6 6 


19 2 4 


1*29 


7 I 


27 I 20 


1-99 


7 9^ 


^ 36 2 


2*92 


99 


6 6 
6 7] 


t 19 3 10 


1-30 


7 2 
7 3 


27 3 10 


2*01 7 10 
2'04 7 II 


37 


2*96 


100 


t 20 


132 


28 2 12 


37 2 


3'oo 

- 
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Table 19 con, — ^Weight and Horsepower of Cast-Iron Spur-Wheels. 



limber of 


Pitch 3JIn.,Fac>ii 


(IlY.WlDB.|] 


Pitch 3I Im., Face is In. Wixmb. Pitch 4 In., Facx 14 In. Widb. 


Diameter 
of Pitch 


Weight of 
Spur Wheel 


Mi 


Diameter 
of Pitch 


Weight of 
SpurWIieel 


III 
IP 


Diameter 
of Pitch 


Weight of 
Spar Wheel 1 


211 


Circle. 


Castini 


I' 


lit 


Ciide. 


Casting. 


nt 


Ciide. 


Casting. 


11^ 


K 








»§ 






»8 




1 




ft. in. ( 


cwt. qr. 


Ih. 




ft. in. 


cwt. qr. Ih. 




ft. in. 


cwt. qr. lb. 


57 


4 II 


25 I 


7 


235 


5 3i 
5 4i 


31 10 


3*25 


^ i 


50 


5'6o 


58 


5 


25 3 


4 


2*40 


31 3 10 


331 


6 li 


51 


570 


59 


5 I 


26 I 





2*44 


5 5: 


32 2 14 


3'35 


^ 3. 


52 12 


5-80 


60 


5 » 


26 3 





2*48 


5 4 


33 3 


3"40 


6 4i 


53 


5-90 


61 


5 3, 


27 I 


4 


2*52 


5 7* 


34 I 


3"45 


^ It 


54 


6'oo 


62 


5 4\ 


27 3 


5 


2*56 


5 9, 


34 3 19 


3'5o 


t ^* 


55 


6" 10 


63 


5 ft 


28 I 





2*6o 


5 loJ 


35 2 20 


3"55 


6 8 


56 10 


6*20 


64 


5 6? 


28 3 





2*64 


5 "} 


36 I 


3l3 


6 9i 


57 


6-30 


65 


5 7- 


29 





2-68 


6 a 


36 2 24 


3-68 


6 loj 


58 


6-40 


66 


5 8:: 


29 3 


7 


272 


6 li 


37 3 


373 


7 


59 


6-50 


67 


5 9i 
5 lot 


30 I 





276 


6 2* 


38 I 


378 


7 i| 
7 2I 


60 6'6o 


68 


30 3 


5 


2-8o 


6 3} 


38 3 22 


3-84 


61 670 


69 


I "t 


31 I 





2-84 


6 4I 


39 3 4 


3-90 


7 3i 
7 6| 


62 15 


6-8o 


70 


6 of 


31 3 


6 


2-88 


6 6 


40 10 


3*96 


63 


6*90 


71 


6 2^ 


32 I 


8 


292 


6 7, 


40 3 20 


4-OI 


64 


7'oo 


72 


32 3 





2-96 


6 8| 
^ 91 


41 3 


4 "06 


7 Zt 
7 8| 


65 i6 


7*10 


73 


6 3 


33 I 


10 


3'oo 


42 


4-1 1 


66 


7* 20 


74 


6 4 


33 2 


17 


3'04 


6 10 ; 


42 2 20 


4'i7 


7 10 


67 II 


7'30 


75 


6 5 


34 


12 


3'o8 


6 ii| 


43 3 8 


4-24 


7 "i 


68 


7-40 


76 


6 6f 

6 7 


34 2 


8 


3-12 


7 o| 


44 10 


4*30 


8 oi 


69 20 


7-50 


77 


35 





3-16 


7 I 


45 3 


4-35 


8 2 


70 20 


7'6o 


78 


6 8 


35 2 


21 


3'20 


7 34 


46 2 


4-41 


5 3t 

8 4* 


r •. 


770 


29 


6 9; 


36 I 





324 


7 4, 


47 


4-46 


72 17 


7'8o 


80 


6 lO; 


36 3 


24 


3-28 


7 It 


47 3 


4-5» 


8 5: 


73 


7-90 


81 


6 II; 


37 3 





3'32 


7 6: 


48 


4-58 


8 7 


74 


8-00 


83 


7 o: 


38 2 


22 


3'36 


7 7 


48 2 10 


464 


8 8 


75 10 


8* 10 


f3 


7 I: 


39 I 


6 


3*40 


7 8 


49 12 


470 


8 9 


76 I 


8*20 


84 


7 2^ 


39 2 


10 


3'45 


7 9t 


49 3 4 


*v 


8 10} 


77 18 


8-30 


85 


7 4 


40 


10 


3'5i 


7 lof 

7 III 

8 oi 


50 I 6 


4*8o 


9 0, 


78 16 


8'37 


86 


7 i 


40 2 


17 


3-56 


50 3 18 


486 


9 i\ 


79 


8-47 


87 


7 6 


41 





3'6o 


51 20 


4*91 


9 2f 


80 I 


8*57 


88 


7 7 


41 2 


12 


3li 


8 2 


51 3 20 


4*97 


9 3, 


81 


8-67 


89 


7 8 


42 





3*68 


! 3t 


52 3 


5'03 


9 6 


82 


877 


90 


7 9, 


42 2 


15 


3*72 


8 4 


53 


5-09 


83 I 


8-87 


91 


7 loi 


43 I 


17 


376 


8 5 


53 2 14 


5*14 


9 7 


84 


8-97 


92 


7 II- 


43 3 


25 


3'8o 


8 6 


54 I 10 


5'20 


9 9 


85 2 20 


9-07 


93 


8 a 


44 2 


20 


3-84 


8 7 
8 I 

^ 1 


55 10 


5"»5 


9 la 


86 3 


9-17 


94 


8 I: 


45 I 


10 


3*88 


55 3 12 


5-30 


9 II 


87 3 20 


9-27 


95 


8 2; 


45 2 


14 


3'92 


8 9 


56 3 24 


5*36 


10 Q 


89 


9*36 


96 


5 3: 


46 I 


7 


3*96 


8 la 


57 3 


5'*! 


10 2 


91 2 20 


9-46 


97 


8 4: 


46 3 


18 


4*00 


9 0, 


58 


5-48 


10 3 


92 3 10 


9-56 


98 


8 5 


47 2 


24 


4'04 


9 I 


58 2 10 


554 


10 4| 


94 2 


966 


99 


8 6 


48 2 


20 


4-08 


9 2 


59 I 


5 '60 


10 6 


95 3 20 


976 


100 


8 7I 


50 





4'i5 


9 3l 


60 20 


5-66 


10 7l 


97 


9*86 
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FRICTION OF SHAFTS. 

Friction of Shafts. — ^Friction is governed by pressure, and is inde- 
pendent of surface, and the friction of a revolving body is nearly indepen- 
dent of its velocity. Shafting should be made as light as possible con- 
sistent with strength and stiffness, because the friction of shafts on their 
bearings is directly proportional to their weight. The friction of any two 
surfaces when no lubricant is interposed, is directly proportional to the 
force with which they are pressed together, and is entirely independent of 
the extent of surfaces in contact ; so that the power absorbed by friction 
does not increase with the length of bearing. But when the surfaces in 
contact are lubricated, then the amount of friction depends upon the 
adhesive nature of the lubricant, and the effect will be in proportion to the 
extent of the surfaces between which it is interposed. Therefore, to 
diminish the power absorbed by friction as much as possible, and to secure 
easy working, it is important to use the best quality of oil. 

Machinery Oils. — The best lubricant for high-speed machinery under 
light pressure is sperm oil ; for heavy machinery at low speeds, rape oil ; 
for general machinery, olive oil; for general light machinery, equal parts of 
sperm oil and good mineral oil ; for heated machinery and pistons, neatsfoot 
oil mixed with tallow and plumbago. 

Besistance due to Friction. — ^The amount of friction between two 
surfaces, is found by multiplying the weight or force in lbs. with which they 
are pressed together by the co-efficient of friction in the following table. 
The co-efficient of friction, means the resistance from friction, between two 
surfaces, due to a pressure of i lb. 

The power absorbed bj Friction, is found by multiplying the 
resistance due to friction, found by the above rule, by the space in feet 
passed through by one surface upon the other. 

The power absorbed by friction in footpounds, on round shafts in one 
revolution, is found thus : Multiply the diameter of the shaft in inches by 
'26, and by the product of the weight of the shaft by the co-efficient of 
friction ; which will give the power absorbed for one revolution in foot-lbs. 

The weight of pulleys and the load due to the pull of belts must be 
added to the weight of the shafting in calculating the power absorbed by 
friction. Shafting 2^ inches diameter, making 100 revolutions per minute 
with the ordinary proportional number of pulleys upon it, but without belts 
on, requires about i horse-power to drive it alone, for every 1 20 feet in length. 

Horse-power absorbed bj Friction on a revolving shaft with parallel 
necks is found thus : Multiply the power absorbed in one revolution, found 
by the last rule, by the number of revolutions per minute, and divide the 
product by 33,000. 

The co-€dlLcients of Friction for ordinary shafts and shafting, under 
ordinary conditions, deduced from the experiments on friction, by the 
Institution of Mechanical Engineers, are given in the following Table. 



STRAINS ON SHAFTING. 1 39 

Table 20. — ^Friction of Shatono akd Shafts in Motion upon 

WELL-FITTED AND SFFICISNTLT LUBRICATED Bea&INGS. 





RevolntioDS per Minute. | 


Soifiices in Cootact. 


150 


300 


400 


Coefficients of Friction. | 


Wrought Iron on Gun Metal Bearings . \ 
Wrought Iron on Cast Iron Bearings . f 
Cast Iron on Cast Iron Bearings . . i 
Cast Iron on Gun Metal Bearings • . ; 
Gun Metal on Gun Metal Bearings . 


•002 
•003 


•003 
•004 


•004 
•006 


These data apply to Horizontal Shaftinpr with Pandlel Necks. The Friction 

of Upright Shafting is ao per cent. less. 



The above co-efficients x the Nominal Load = Nominal Friction 
Resistance per square inch of Bearing, The Nominal Load per square 
inch, is the total load on the Bearing divided by the product of the diameter 
in inches^ and the length in inches of the Bearing. 



SHAFTING. 



Strain on Bhafting. — Shafting is subject to two forces — ^twisting and 
bending. The twisting force is due to the power transmitted, and increases 
in proportion to the power ; but decreases in proportion to the velocity. 
The bending force is due to the weight of the shaft, also to the strain of 
belts upon it, and the weights of pulleys and gearing. When the weight 
is distributed along the length of a shaft, it only causes one-half the quantity 
of deflection that it would if placed on the middle of the shaft. 

Tondonal Strength of Shafts. — ^The strength of round shafts to 
resist being twisted asunder is in proportion to the cubes of their diameters, 
and is independent of the lengUi. A bar of wrought-iron of average 
quality, i inch diameter, is twisted asunder by a weight of 800 lbs. at the 
end of a lever 12 inches long, or at the pitch-line of awheel 24 inches 
diameter ; and a cast-iron shaft is twisted asunder by a weight of 450 lbs. 
applied in the same way. From these data, any other diameter can be 
calculated, the strength increasing as the cube of the diameter. But the 
power of a bar to resist a load is in inverse proportion to the length of 
lever ; thus a lever 24 inches long, only requires one-half the weight to 
break a bar, that would be required with a lever 12 inches long. 

Safb Torsional Strength of Shafts. — ^To find the safe working 
strain in lbs. that may be put on to the circumference of wheels and pulleys 
fixed to shafts, Mr. Fairbaim's rule is : * multiply the cube of the diameter 
of the shaft in inches, by 1765 for wrought iron, or by 980 for cast iron, 

* The Author is indebted for some information on Torsion and Strength of Shafting to 
Mr. Fairbaim's "Mills and Millwork." (Longmans.) 
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and divide the product by the radius of the wheel or pulley in inches. If 
a lever or crank is employed^ use the length of the lever or crank as a 
divisor in the above rule. For steel shafts, use a multiplier of 2500, in the 
above rule. 

Hollow Shafts. — ^To find the relative value for transmitting power of a 
hollow shaft, from the cube of the outside diameter deduct the cube of the 
inside diameter ; the result will be the relative value of that shaft. 

Torsioiial BtlAiera of Bliaftmg. — StifiEness in shafting is more im- 
portant than strength; when the length of a line of shafting does not exceed 
100 feet, the tendency is greater to bend than to twist ; but a long line of 
shafting of from 140 to 200 feet long is very elastic, and when driving 
machineiy at the extreme end, it has a great tendency to twist, so much 
80, that the driving end may make nearly a revolution before the extreme 
end begins to turn. A shaft that bends or yields to the strain, will take 
more power to keep it in motion, than would be required by a heavier shaft, 
stiff enough to resist the same strain. Consequently, when long lines of 
shafting are employed, sufficient stiffness should be given to them to with- 
stand the torsion at the extreme end, by making the lengths of shafting 
increase in diameter towards the driving end, each length being made stiff 
in proportion to the anticipated stress. A shaft may be strong enough to 
resist the twisting strain, but may not be stiff enough to drive steadily 
without vibration. The torsional stiffness of shafting varies as the four^ 
power of the diameter divided by the length. Shafting of 5 inches diameter 
and upwards, which is strong enough to resist the torsional strain, will be 
stiff enough to work properly ; but, below that size, a larger shaft should be 
used than is necessary to resist the torsional strain, in order to ensure proper 
stiffness and steady driving power. 

Relative Strength of Metals to Resist Torsion, that of Wrought* 

Iron being i. 



Wrought Iron . . . i*cx) 

Cast Iron . . . . '90 

Cast Steel . . .1*95 

Gun Metal . . • • '35 



Brass . . . • '27 

Copper . . . . '25 

Tin . . . . '13 

Lead '10 



POWER OF SHAFTS. 

Sise of Cranksluifbi. — ^The size of a crankshaft should be determined 
by the maximum strain it has to resist, which may be found as follows: — 

I. Find the Maximum of pressure on the crank exclusive of friction, thus : 
multiply the area of the piston in square inches, by the pressure of steam in 
lbs. per square inch. 



POWER OF SHAFTS. I4I 

a. Find ihi breaking strength in lbs, by multiplying the pressure on the 
crank, found by the last rule, by the number of times the breaking strength 
is to exceed the working strength — say 6. 

3. Find the strain in lbs, due to the leverage of the crank , thus: divide 
the constant number 800 for a wrought-iron crankshaft, or 450 for cast- 
iron, or 1 100 for steel, by the length of the crank in feet. 

4. Divide the breaking strength by the strain due to the leverage of the 
crank found by the above rules, and the cube root of the quotient will be 
the diameter in inches of the shaft required. 

Tho Vominal Homo-power of shafts may be found by a modification of 
Murray s Rule, thus : multiply the cube of the diameter of the shaft in inches 
by the number of revolutions per minute, and divide the product by 170 
for wrought-iron, or by 260 for cast-iron, or by 85 for steel. 

To find the diameter of a shaft suitable for a given nominal horse^ 
power, multiply the horse-power by 170 for wrought-iron, or by 260 for 
cast-iron, or by 85 for steel, and divide the product by the number of 
revolutions per minute ; the cube root of the quotient will be the diameter 
of the shaft in inches. 

To find the speed necessary for a given nominal horse-power, with a 
given size of shaft, multiply the horse-power by 170 for wrought-iron, or 
by 260 for cast-iron, or by 85 for steel, and divide the product by the cube 
of the diameter of the shaft in inches : the quotient will be the number of 
revolutions per minute. These rules for nominal horse-power apply to 
shafts above 4^ inches diameter; below that size something must be added 
to the result given by the above rules, if a long shaft is employed, in 
order to obtain sufficient stiffness, which is of more importance than strength 
in a long shaft, and the proper, size of shaft may be found from Table 21, 
which has been deduced from cases in practice. 

The Vominal Scree-power of Crankeliafte may be found thus : — 
Multiply the nominal horse-power of ordinary shafts found by the above 
rules, by 1*57 for a single engine, or by I'li for a pair of engines coupled 
at right angles. 

Fower of Crane Bliafts of Wronght-Zron. — ^When shafts work at 
very slow speeds and lift heavy weights, such as crane shafts, the safe 
working load should not exceed ^th of the breaking weight, and the 
diameter of the shaft must be proportioned to the strain, according to the 
following rule. A bar of wrought-iron is twisted asunder by a weight of 
800 lbs. applied at the end of a lever 12 inches long, from the centre of the 
shaft, therefore — 

1. Divide the constant number 800 by the length of lever, or radius of 
the wheel in feet, and the quotient will be the breaking strain in lbs. 

2. Multiply the weight or strain on the shaft in lbs. by 10 (the factor of 
safety), and divide the product by the breaking strain, and the cube root of 
the quotient will be the proper diameter in inches of the shaft of wrought- 
iron. 
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Table 21. — Nominal Horse-power of Wrought-Iron, Cast-Iron, 

AND Steel Shafts. 





Wrought- 


Cast-Iron 


Stbrl 




Wrought- 


Cast-Iron 


Stbbl 


T^iAfn^f^v 


Iron Shaft. 


Shaft. 


Shaft. 


T^lO ffffl Jkf'tfMP 


Iron Shaft. 


Shaft. 


Shaft. 


or the 
Shaft in 


Nomina] 


Nominal 


Nominal 


of the 
Shaft in 
InchM. 


Nominal 


Nominal 


Nominal 


Horse Power 


Hone Power 


HoTM Power 


Horse Power 


Hone Power 


Horse Powei 




atone 


atone 


atone 


AU^mUCmm 


atone 


atone 


at one 




Revolution 


Revolution 


Revolution 




Revolution 


Revolution 


Revoluuon 




per Minttte. 


per Minute. 


per Minute. 




per Minute. 


per Minute. 


per Minute. 




•001 


'OOO6 


•002 


4 


•34 


•21 


•51 


*' ; 


•002 


•001 


•003 


^t 


•44 


•29 


•66 


I; ■ 


'003 


•002 


•005 


4f 


•56 


•36 


•84 


I- • 


•004 


•003 


•006 


4t 


•64 


•41 


•96 


I' 


•006 


•CX)4 


•009 


5, 


V 


•47 


1-09 


•009 


•006 


•013 


$ 


•85 


•54 


1*27 


i| 


•013 


•008 


•019 


•97 


•62 


1*45 


^8 


•016 


*OIO 


•024 


6 


1*27 


•81 


1*91 




•021 


•013 


•031 


H 


i'6i 


1*03 


2*41 


at 


•027 


•017 


•041 


7 


2'0 


1*28 


3*oi 


•035 


•024 


•052 


7« 


243 


1*56 


364 


2| 


•046 


•029 


•069 


8 


3'o 


1*92 


4-51 


2| 

2I 


•053 


■034 


•079 


9 


4*22 


2*71 


6-53 


•066 


'042 


•099 


10 


5-88 


3-85 


8*82 


2I 


•077 


•049 


•115 


II 


7-83 


§•03 


1 1 74 


4 


•095 


•061 


'I42 


12 


IQ-IO 


^'55 


15-24 


3, 


•II 


•07 


•160 


13 


12*91 


8*28 


19-36 


3i 


•14 


•09 


'21 


14 


i6'i4 


10-37 


24-61 


3 


•16 


•I 


•24 


15 


19-85 


12*76 


29-77 


3 


•19 


•12 


•28 


16 


24*09 


15-48 


36-13 


3^ 
3f 


•22 


•13 


•32 


17 


28*9 


18-57 


42-13 


•28 


•17 


•41 


18 


34'3 


22*05 


51-42 



To find tlie nominal home-power of a ahafb, multiply the horse- 
power given in this table by the nnmber of revolutions per minute at 
which the required shaft is to work. This table applies to all shafting and 
shafts, except crane shafts and crank shafts. 

Acinal or Indicated Honie-pewer of Shafts. — ^The actual or indi- 
cated horse-power, which a shaft is capable of properly transmitting, may 
in a general way, be taken at from 60 to 100 per cent, more than the 
nominal horse-power found from the above Table. 

Distance between the Bearings of Shafting. — ^The distance be- 
tween the bearings, should be arranged to suit the load to be carried, but in 
a general way, the distance between the bearings of shafting carrying its 
own weight only, and also of shafting carrying the usual proportion of 
pulleys or gearing, may be according to the table No. 22. Couplings and 
gearing to be fixed close to bearings. 



CRANK SHAFTS OF ENGINES. I43 

FvMrare on tho Vaoks, or JovmaLi of Bhafbi.— The pressure 
on the necks of shafts, should not exceed 350 lbs. per square inch, measured 
on the surface or circumference, for necks of ordinary length ; for extra 
long necks, it may in unavoidable cases be from 500 to 600 lbs. per square 
inch. Should the pressure exceed the latter amount, the surfaces of the 
neck and bushes will be brought into such close contact, that the surfaces 
cannot properly retain oil, and the bearings will be liable to heat and cut. 

Coni«n of Shaft-Vaoks. — ^The comers of necks of shafts should 
always be rounded, because square comers reduce the strength of the neck 
to resist strains, to the extent of one-fifth. 

Aetnal Hone-power of Bhmttu, — ^To find the actual horse-power of 
a shaft, multiply the load by the distance in feet, through which it travels in 
one minute, and divide the product by 33,000. 

To find the load, multiply the constant number 800 for wrought-iron, or 
450 for cast-iron, or 1 100 for steel, by the cube of the diameter of the shaft, 
in inches, and the product will be the breaking weight in lbs., which divide 
by 6 (the factor of safety) : the result gives the safe working load in lbs. 

To find the distance through which the load travels, multiply the 
circumference of the pitch circle of a wheel, or the circumference of a 
pulley, or circle described by a lever or crank, in feet, by the number of 
revolutions per minute. 

Cnmk Shafts of Engines. — ^A crank shaft has to resist a varying 
strain, and its strength must be in proportion to the maximum strain 
upon it. 

The average pressure upon a crank, is found thus : multiply the pressure 
uponthe piston, by the distance through which it travels in making a double 
stroke, and divide the product by the distance through which the crankpin 
travels in the same time. The distance the piston travels equals twice the 
diameter of the circle described by the crankpin ; the distance the crank 
travels is 3*1416 times the diameter of the circle described by the crank- 
pin ; therefore, the mean strain on the piston s OLl? = 1*57 times the 

driving pressure upon the crankpin. The power exerted by the piston, 
varies with every change of position of the crank, but the varying strain on 
the crankshaft is equalised by the fly-wheel. But, that part of the crank- 
shaft between the crank and the fly-wheel, has a greater strain upon it in 
the ratio of 1*57 to i than the part of the shaft behind the flywheel. 

The Speed of Shafting for driving machine-tools and general 
machinery is usually from 90 to 100 revolutions per minute, and for 
driving wood-working machinery it is generally 240 revolutions per minute. 

Kire of Steam Fower. — ^The price charged for the hire of steam 
power and use of shafting is usually /"la, per indicated horse power per 
annum. — ^The price charged for the hire of a portable engine is usually £1^^ 
per nominal horse power per annum. 
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COUPLINGS FOR SHAFTING. 
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CAST-IRON COUPLINGS FOR SHAFTS. 

Cast-iron naage-CoupUngs, Fig. 30. — In order to keep the shafts 
in line with each other, the end of one shaft projects from one half-coupling 
to a length equal to | the thickness of one flange, and enters the other half- 




Fig. 3a 







Fig. 31. 



coapling. Each half-coupling is keyed on with a sunk key, and after- 
wards turned true in its place^ The bolt-heads and nuts are sometimes 
counter-sunk, in which cases the flanges must be made proportionally 
thicker. 

Table 24. — Proportions of Cast-Iron Flangk-Couplings. 



Diameter 

of 

Shaft. 



Inches. 

2 
2^ 

2I 

2i 

3 

3l 

4 

4| 

5 
6 



Diameter 

of 
Flange. 



Inches. 

7 

i 

10 

loi 

"I 

16 

2o| 

23 



Thickness 
of each 
Flange. 



Inches. 

1 
8 



F 
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3 
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2 

2: 

2\ 
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t 



Inch. 

4 

h 
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10 

12 
14 



ill 

B 9 u 



Inches. 



»• o ^ s 



Inches. 

5! 

6| 
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7J 
8 

8} 
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14 
16J 
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o 



Inch. 
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8 



2 



1^ 
|0Q 



3 
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4 

4 

4 

4 

4 
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Muff or Solid Caflt-Zrcm CouplingSy Fig. 31. — For best work, the 

ends of the shafts should be swelled and joined together with a half-lap 
joint, which takes the driving strain. Taper of joint, i inch per foot. A 

hollow key, is used to key on the coapling. 
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Table 25. — Proportions of Muff-Couplings, for Shafts with Half- 
Lap Joint. 



Diameter Diameter 
ol the of the 
Shaft. I Swell. 
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*2 
2 

3s 

4 

4i 

5 
6 



Inches. 
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Oupl ng. 
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5 2 18 

7 3 18 



Mnff-Conplings for Shafts with Bntt-finds, Fig. 32. — Where price 
is an object, muff-couplings are used with shafts without swells, and the 
ends of the shafts butt together, instead of being half-lapped. 

Table 26. — Muff-Couplings for Shafts with Butt-Ends. 
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OMTt-Xron Clftw-Conpling, Fig. 33.— This is a very strong coupling, 



^;^;- -.-.:^,v.;.x^,^'§ 



and is suitable for heavy work ; it can also be constructed as a disengaging 
coupling. 



Table 27. — Proportions of Cast-Irow Claw-Couplings. 
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Tlia DTuamomstov or Friction Brake is used for testing the power of an 
engine, and consists of a horizontal lever having at one end, a strap of 
iron lined with wood, — which embraces a pulley keyed on the engine 
shaft^and at the other end a suspended scale for weights. If the 
reputed power of the engine is known, a weight corresponding to that power 
is placed in the scale, and after the engine is started, the strap is gradually 
tightened, and the wood is drawn tightly against the surf ace of the pulley, — 
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which is kept cool by a stream of water. When the engine is running at its 
proper speed, with the correct pressure of steam, the lever will be raised 
slightly above its horizontal position ; if the lever be raised considerably, the 
power will be in excess of the calculated power, and the weight in the scale 
must be increased so as to obtain the maximum power. 

To find the Dynamometrical horse power. Rule: Multiply the circum- 
ference in feet described by the lever, by the number of revolutions per 
minute and by the weight suspended, in lbs., and divide the product by 
33,000. 

To find what weight must he used to test an Engine, Rule: Multiply 
the horse power by 33,000, and divide by the product of the circumference 
in feet described by the lever, multiplied by the number of revolutions. 
The weight of the lever must either be balanced, or provided for in the 
calculation. 



Table 28. — Proportions of Keys for Wheels, etc. 



Diameter 
of Shaft. 



Size of Key. 



Breadth. 



Inch. 



Thick- 
ness. 
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Note. — The depth sunk in the shaft or wheel is measured at the side of»the key. 
When keys are made >*ith gib-he.ads, the depth and length of the gib-head should each 
1^ equal to the thickness of the key. Taper of keys, ^^ inch per foot in length, 
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PLUMMER-BLOCKS. 
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Wall-Plates for Flummer-Blocks should equal, in length, 7 times 
the diameter of the neck ; in thickness = diameter of neck multiplied by '4 ; 
in width = twice the diameter of neck, and the centres of the holding down 
bolts in same should = 52 times the diameter of the neck. Depth of boss 
for bolt-holes, and also the depth of the joggles for holding the wedge, 
should = three-fourths of the thickness of base of plummer-block. 



DIAMETER AND SPEED OF PULLEYS FOR BELTS. 

To find the speed of the driving pulley, multiply the diameter in 
inches of the driven pulley, by the number of revolutions it makes per 
minute, and divide the product by the diameter in inches of the driving 
pulley. 

To find the speed of the driven pulley, multiply the diameter in 
inches of the driving pulley, by the number of revolutions it makes per 
minute, and divide the product by the diameter in inches of the driven 
pulley. 

To find the final speed of a train of pulleys, multiply the number of 
revolutions per minute of the first driving pulley, by the product of the 
diameters of the driving pulleys, and divide the result by the product of the 
diameters of the driven pulleys. 

To find the diameter of the driving pnlley, multiply the diameter 
in inches of the driven pulley, by the number of revolutions it makes 
per minute, and divide the product by the number of revolutions of the 
driving pulley. 

To find the diameter of the driven pulley, multiply the diameter 
in inches of the driving pulley by the number of revolutions it makes 
per minute, and divide the product by the number of revolutions of the 
driven pulley. 

To find the diameters of two pulleys, when the speeds of the driving 
and driven shafts are given : divide the speed of the driven shaft by the 
speed of the driving shaft, which will give the ratio of their speeds, and the 
diameters of the pulleys must be in the same ratio. 

Friction-Cone Keys, for fixing pulleys on shafting, are used for 
pulleys not made in halves, which require to be passed over swells on 
shafting. They are also fitted to split pulleys in cases where they have to 
fit different sizes of shafts. A cast-iron cone is turned to a taper of f inch 
in diameter per foot in length, and the pulley is bored to suit it. The cone 
is split after being turned, into three pieces. The minimum thickness of 
metal at the small end of the cone, should be f inch. 

Strain on Bearings due to Pulleys and Full of Belts. — The 
gross weight of shafting per foot in length, including the weight of the 
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pulleys, and the load due to the pull of the belts, is equal to about two and 
one-half times the weight per foot in length, of the shaiting. 



PULLEYS FOR BELTS. 

Proportions of Fnllays. — ^The arms of pulleys are mostly made 
straight, and when made according to the proportions in the following 
table, they will not break from contraction in casting ; the diameter of boss 
varies with the diameter of the pulley as well as with the diameter of shaft ; 
the proper size is given in the following table. 

XTiimber and Shape of Arma. — Pulleys up to 17 inches diameter 
should have 4 arms; and from 18 inches to 8 feet, 6 arms; and above 
that size, 8 arms. The section of the arm should be of oval shape, struck 
from a radius equal to | the width of arm, and the edges should be rounded 
ofF instead of left sharp. 

Sound Face of Pnlleya. — When a belt is to work constantly in one 
position on the face of a pulley, the face should be rounded to the extent 
of f inch per foot of the width of the rim. But when the belt is to be 
shifted along the face of the pulley to drive fast and loose pulleys, the face 
should be turned flat. 

The Width of Face of a pulley should be about one-fourth more than 
the width of the belt it has to carry. 

IPnlleya with Curved Arms. — Fig. 34 shows the way to project the 
curved arm of a pulley. Draw the horizontal centre-line, A B, and from it. 




Fig. 34. 



with a radius of Jth the diameter of the pulley, draw the centre-line of the 
arm for the bottom curve. From the point where the said radius is struck, 
draw a vertical line, and on that line, with a radius of -^th the diameter of 
the pulley, draw the centre-line of the arm for the top curve. The 
dimensions of the arm can be taken from Table 29. 
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Table 31. — ^Weight of Cast-Irox Pullet Castwgs, both Wholi, amd 
Split, that is ix Halves, bolted to-sethek. 
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Belt-Fulleys or Biggers. — The preceding table gives the weight of 
pulley castings, cast from a good set of patterns. The rims of main driving 




Fig. 35. 



pulleys, may be strengthened without materially increasing the weight, by 
casting a rib about f inch square, round the edge of the inside of the rim, 
like Fig. 35. 

The weight of turned pulleys, may be found by deducting 1 2 lbs. for 
every cwt. in weight of the casting, which is the average reduction in 
weight due to turning and boring the same. 



POWER OF BELTS. 

The motion transmitted by a belt, is maintained solely by the frictional 
adhesion of the belt to the surface of the pulleys. Belts will not communi- 
cate motion with precision, on account of their liability to slip on the 
pulleys. When one pulley is larger than the other, an open belt will slip on 
the smallest one first, because the arc of contact is smaller ; but if the belt be 
crossed, the arc of contact will be the same, whatever the diameter of the 
pulleys may be. A belt will always climb to the highest point of a pulley, 
and the position it takes upon a driven pulley, is determined by the side 
of the belt which moves towards the pulley. 

A long horizontal belt increases the tension and arc of contact, by its 
own weight forming a curve between the pulleys, therefore it should drive 
from the under side, then the slack side is on the top and drops between the 
pulleys. A belt running on a pulley on a vertical shaft requires to be 
stretched very tightly over the pulleys, because its weight lessens its contact, 
and it should therefore be made broader than a horizontal belt. 

The working tension of leather belts should not exceed 330 lbs. per 
square inch of the section of the belt. The adhesive grip of a belt, is the 
same on cast-iron pulleys whether they are turned or not, but it is greater 
on a wooden than on a cast-iron pulley. 

The strain in lbs. upon the driving side of a belt, due to the power 
transmitted, independent of the initial tension producing adhesion bet^veen 
the pulley and the belt, is found thus : Multiply the number of the horse- 
power by 33,000, and divide the product by the velocity of the pulley -in 
feet per minute. The velocity is found by multiplying the circumference 
of the pulley in feet by the number of revolutions per minute. 

The Actual Eorse-power of a Belt is found thus. — Multiply the force 
in lbs. transmitted to the surface of the pulley, by its velocity in feet per 
minute, and divide the result by 33,000. 
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The Nominal Eorse-power of Single Leather Belts is found thui> : 
— Multiply the diameter of the pulley in inches, by the width of belt in 
inches, and multiply the product by the number of revolutions per minute, 
then divide by the constant number due to the arc of contact of the belt, 
which is g^ven in the following table. 

To find the Width of a Single Leather Belt. — Multiply the nominal 
horse-power, by the constant number due to the arc of contact of the belt, 
and divide by the product of the number of revolutions per minute, and the 
diameter of the pulley in inches. 

Table 32. — Multipliers for the above Rules for the Horse-power 

OF Single Leather Belts. 



Portion of the circumference of 
the pulley in contact with the | 
belt . • ' i 

Constant multiplier or divisor for 

the above rules . . . . 1 5715 

1 

i 


4737 
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4COO 


1 
3590 
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3297 



The arc of contact, of the smaller of two pulleys, must be taken in 
calculating belts, when an open one is employed, but when a cross belt 
is employed, the arc of contact will be the same for both pulleys, and the 
arc of contact, of either of them may be taken. 

Double Belts. — ^A double leather belt will drive double the power of a 
single one, and consequently it only requires to be one-half the width of a 
single belt, to drive the same power. 

Table 33. — Weight in lbs. of 100 feet in Length of Single and 

Double Leather Belting. 
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Double Bell, 

Medium, Ibji. 



li 


a 


»h 


3 


3i 


4 


44 


5 


6 


7 


8 


9 


xo 


XX 


xa 


X4 


x6 


14 


>9 


25 


31 


38 


43 


50 


54 


67 


78 


xoo 


xxo 


X30 


X40 


x6o 


aoo 


— 


la 


17 


33 


"9 


35 


40 


47 


Sx 


64 


74 


94 


xoo 


xao 


X30 


X50 


180 


— 


30 


35 


46 


59 


70 


80 


90 


xoo 


xxo 


150 


X75 


900 


230 


260 


a8o 


340 


380 


24 


30 


40 


53 


64 


74 


84 


93 


103 


Z42 


165 


190 


220 


250 


270 


325 


360 



The safe working tension of Iieather Belting is 20 lbs. per inch in 
width, for each one-sixteenth of an inch in thickness of the belt, or 40 lbs. 
per inch in width, for each one-eighth of an inch in thickness. 
Tlie Breaking Strain per square inch of section, of best 

quality leather belting is 3*360 lbs. 

The breaking strain, per square inch of section, of best quality 

stout stitched cotton belting is 6,800 lbs. 

The breaking strain, per square inch of section, of best quality 

stout solid-woven cotton belting is 10,420 \hf 
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The belts fox nse in wet or damp puMsee are : — lbs. 

Waterproof Linen Belting — 4 ply — Breaking strength per square in. 1 2,000 
India-rubber Belting — 4 ply, ^ inch thick, with canvas layers — 

Breaking Strain per square inch 1,020 

The strengths of belting only refer to new belts of best quality. 

The Co-efficiente of Friction fbr Belts and Bopes, from the 
experiments of M. Morin are as follows : — 

For new belts on wooden pulleys '50 

For leather belts in ordinary condition on wooden pulleys . . '47 

For belts in ordinary condition on cast-iron pulleys, either turned or 

not "28 

For wet belts on cast-iron pulleys '38 

For hemp-ropes on wooden pulleys '50 

JL rope when wonnd ronnd a Barrel with a rough surface, offers very 
great frictional resistance to sliding, the resistance being the following 
number of times greater than the pull at the slack end : viz. — 
24 when the rope is wound once round the barrel. 
Ill when the rope is wound i\ times round the barrel. 

535 f» » 2 



tf ft 



2575 »» »» ^« " »» 

Transmiasion of Power to Iiong Diatanoes. — Power may be 
efficiently transmitted to long distances by M. Him's system of flexible 
wire-rope gearing. The wire-ropes are from -| to i inch diameter, and 
consist of a number of strands of iron wire, wound round a core of hemp, 
each strand consisting of 6 or more fine wires wound round a core of hemp. 
The wire rope runs at a speed of about 60 feet per second, on grooved 
pulleys of from 12 to 15 feet diameter; the bottom of the groove is round 
in shape and is composed of willow wood, sunk into the casting of the 
pulley. The distance between the pulleys should not be less than 70 yards, — 
because short wire ropes do not run steadily in working — and it may be 
any reasonably greater distance, guide pulleys — spaced about 70 yards 
apart — being used to support the rope in long distances. The rope rests 
upon the bottom of the groove, clear of the sides ; the following are good 
proportions for the groove, viz. : Depth of groove from where the rope rests 
to the top of the rim of the pulley = 2^ times the diameter of the rope : 
Width of groove at the top = 4 times the diameter of the rope : Radius of 
the bottom of the groove on which the rope rests = the diameter of the 
rope : Thickness of wood at the bottom of the groove = the diameter of the 
rope : Weight of the rope in lbs. per yard, in length = four times the square 
of the diameter of the wire-rope, in inches. 

Eorae-power of Wire-rope Gearing. — ^To find the number of indicated 
horse-power transmitted by wire-rope gearing. J^uie : Multiply the strain 
in lbs. at the circumference of the pulley, by the velocity of the rope in feet 
per second, and divide the product by 550. The strain in lbs. at the 
circumference of the pulley is equal to 550 times the horse power divided by 
the velocity of the rope, in feet, per second. 
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STEAM BOILERS. 

Effect of Eeat upon Water. — When heat is first applied under a 
boiler, the material of the boiler absorbs and transfers the heat to the 
water, which causes the water to circulate. The water at the bottom 
becomes heated first and expands, and being lighter than the rest, is forced 
upwards by the greater density of the colder water above it, and a current 
of colder water descends and takes its place, and in turn becomes heated ; 
afterwards the particles of water expand, and form themselves into bubbles 
of steam (that is, the heat becomes enclosed in films of water), and gradually 
ascend until they are robbed of their heat by the colder water, which they 
come in contact with in their ascent ; then they condense and disappear. 
When the water becomes uniformly heated, the bubbles increase in size and 
number, and ascend higher as the heat increases, until the temperature of 
the whole reaches 212® Fahr., when the water will boil, and all subsequent 
additions of heat, will be carried ofE by the water in the form of steam. 
This is called convection, and is the only way water can be heated, as, 
being a bad conductor of heat, water cannot be heated by conduction. 

Fresh water boils under atmospheric pressure at 2 1 2° F., and one cubic 
inch produces about one cubic foot of steam, equal in pressure to that of 
the atmosphere, or 147 lbs. per square inch, and until this point is reached 
steam will not rush into the atmosphere ; therefore, unless the pressure of 
the atmosphere is removed, only pressures above 15 lbs. are available for 
performing work. The boiling point is always constant for the same 
liquid under the same conditions ; but foreign substances, held in solution 
with it, considerably affect it. The boiling point rises in a closed vessel, 
as the pressure of the steam increases, because the tension of the vapour 
has to overcome a greater pressure, before it can escape from the water ; 
but the temperature of steam is always the same as the water, which 
produced and is in contact with it, and there is a fixed temperature and 
density, to each pressure of steam when in contact with water. 

The ExpansiTe Foroe of Steam is nearly inversely as the volume ; 
thus, if steam at 15 lbs. pressure occupies one cubic foot, the same quantity 
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at 30 lbs. pressure would only occupy about half a cubic foot. Steam 
contains about 5^ times as much heat as water ; at atmospheric pressure, 
steam is 1,700 times the volume of the water which produced it. 

The Elastie or Xechaaioal Force of Steam increases in a much 
greater ratio than its temperature; thus, at 212° its force is, in round 
numbers, 15 lbs. per square inch, but if its temperature be raised to 283^ 
the force is 52 lbs. As small additions of heat produce a rapid increase 
of force, so small abstractions of heat rapidly reduce the elastic force. 

Saturated Steam. — When steam is in contact with the water from 
which it was generated, it is called saturated steam. 

Superheated Steam. — When steam is isolated from the water which 
produced it, and further heat is applied to it, it is called superheated or 
gaseous steam, because its temperature is raised above that of saturation. 
The extra heat thus applied to the steam is sensible heat, and it increases 
the volume of the steam in proportion to the increase of the absolute tem- 
perature. The object of superheating is to dry the steam, to prevent partial 
condensation in the cylinder ; but only sufficient extra heat should be im- 
parted to it, to barely dry the steam, because a little moisture is necessary 
in the steam to lubricate and reduce the friction of the surfaces, and to 
prevent the packing becoming charred. Superheated steam is usually 
produced by means of a superheater, composed of tubes, placed between the 
boiler and the chimney, and heated by the waste products of combustion ; 
the steam passes through the superheater before entering the cylinder. 

Gomlmiition of Goal and the Evaporative Power of Fuels. — 
The total heat per lb. of coal may be expressed in units of evaporation, a 
unit of evaporation being the quantity of heat required to convert i lb. of 
water of 212^ into steam at the same temperature; or in units of heat, a 
unit of heat being the quantity required to raise the temperature of i lb. of 
water 1°. Coal is composed of carbon, — 1 lb. of which yields 14,500 units 
of heat, and of hydrogen, — i lb. of which yields 62,032 units of heat, and 
of sulphur, — I lb. of which yields 4,032 units of heat. From the results of 
Government experiments on 98 samples of coal, the average composition 
was deduced by Mr. D. K. Clark, as follows : — 

Carbon . '80 or 80 per cent. 



Sulphur 


•0125 or 


I J per cent. 


Oxygen 


•08 or 


8 „ 


Ash . 


•04 or 


4 



Hydrogen . '05 or 5 „ 
Nitrogen . '012 or i-J- „ 

From this we find that the total heat of combustion of coal is : — 

Units of heat. 

Carbon, 14,500, multiplied by *8o = .... 11,600 

Hydrogen, 62,032, multiplied by f'05 ^j = . . 2,481 

Sulphur, 4,032, multiplied by '0125 = . 50 

Total 14)131 

* A portion of the hydrogen combines with the oxygen and forms water, and a deduc- 
tion from the hydrogen of a quantity equal to i of the oxygen must be made to provide 
for this condition. 
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By dividing this quantity by the units of heat required to convert i lb. of 
water of 212° into steam of the same temperature (14,131 -r- 966), we have 
1 4*63 units of evaporation, or 14*63 lbs. evaporated from and at 212°. 

Coke contains '86 carbon, but no hydrogen or oxygen, and yields (i 1,600 
multiplied by '86) 9,976 units of heat. 

Wood, when dry, contains '50 carbon, and the hydrogen and oxygen 
combine without yielding heat; and yields (11,600 multiplied by '50) = 
5,800 units of heat per lb. 

Peat contains about one-third more units of heat than wood. These are 
the- maximum heating powers of the above combustibles, for which at 
least 10 per cent, must be deducted for imperfect combustion. In prac- 
tice it is impossible to utilize all the available heat, and it is distributed as 
follows : — 

Heat lost by radiation — 10 per cent^ 

Heat lost by ashes falling unburnt through the fire bars — 10 per cent 

Heat lost by gases escaping at a high temperature to the chimney — 20 
per cent. 

Heat used in producing steam in internally fired boilers — 60 per cent. 

In externally fired boilers the loss is 10 per cent, greater. 

The average eraporative power, of different kinds of fuels, is as 
follows : — 

1 lb. good coal will evaporate 9 lbs. water which has been raised to 2 1 2°. 
J lb. of petroleum — Ditto. ditto. ditto. 

2 lb. of dry peat — Ditto. ditto. ditto. 
2^ lbs. of dry wood — Ditto. ditto. ditto. 
3J lbs. of cotton stalks — Ditto. ditto. ditto. 
3I lbs. of brushwood — Ditto. ditto. ditto. 
3f lbs. of wheat or barley straw — Ditto. ditto. ditto. 
4 lbs. of megass or sugar cane refuse — ^Ditto. ditto. ditto. 

The coiunuiiption of coal per indicated horse-power per hour, in first- 
class compound condensing engines, is from if to 2 lbs. ; in single cylinder 
condensing engines, 2^ to 3 lbs.; in locomotives, 2| lbs.; and in high 
pressure non-condensing engines, 3 to 4 lbs. 



CYLINDRICAL STEAM BOILERS.* 

Boiler-Shells. —The resistance of a boiler-shell to internal pressure, 
varies inversely as the diameter. A shell 2 feet diameter, will bear double 
the internal pressure of one 4 feet diameter, the thickness being the same in 

* The Author is indebted for some information on steam boilers to Mr. Robert 
Wilson's excellent work on Steam Boilers, and to the Reports of the Manchester Steam 
Users' Association, by Mr. Lavington £. Fletcher. 

M 
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both cases. The resistance of the plates varies as their thickness. A shell 
of f inch thickness, will bear double the pressure of one i inch thickness, 
the diameter of the shell being the same in both cases. The thickness of the 
plates should be in proportion to the diameter of shell. A shell of 6 feet 
diameter, will require plates double the thickness of one 3 feet dianieter, 
to resist the same pressure. The pressure of steam being equal in all 
directions, the pressure inside the shell of a boiler, acts uniformly all round 
its circumference, and tends to maintain its form perfectly circular, and also 
to restore any departure of its shape from a true circle. The shell cannot, 
however, be made perfectly circular, owing to the plates overlapping each 
other at the longitudinal seams, but the amount of deviation caused thereby, 
is so small that it need not be taken into consideration. The circum- 
ferential strain, being the greatest from the pressure inside the shell, 
the plates should be placed lengthways round the circumference, that 
is, the fibre of the iron should run round the circumference, because 
the plates are strongest in the direction in which they were rolled. The 
longitudinal seams should not be in line from end to end, but they should 
break joint, thereby considerably increasing the strength of the shell, and 
the longitudinal seams should be placed away from the centre line, along 
the top and bottom of the boiler. The transverse joints, requiring only half 
the strength of the longitudinal seams, only require to be single-riveted ; but 
the longitudinal seams should be double-riveted. 

Longitadinal Strain on Boiler-ShelLi. — The strain inside a boiler- 
shell, tending to rupture it longitudinaily in lines parallel to its axis, is found 
by multiplying the diameter in inches by the length in inches, and then by 
the pressure of steam per square inch. 

Transverse Strain on Boiler-Shells. — ^The strain inside a boiler- 
shell, tending to rupture it transversely in lines at right angles to its axis, is 
the amount of pressure against each end of the shell, and it is found by 
multiplying the area of the end of the shell in square inches, by the 
pressure per square inch. 

Length of Boilers. — ^The strength of a boiler is not affected by its 
length as regards internal pressure, but the liability to strain increases with 
the length ; short boilers do more work in proportion than long ones. 
The minimum length of Cornish and Lancashire boilers, for confined 
positions, should be 2^ times the diameter, and the maximum, and best 
working length, should be 4 times the diameter. 

Cornish and Lancashire Boilers are more used than any other form 
of boiler, and cannot be surpassed for accessibility, simplicity, durability and 
economy : they are steady and good steam producers, they will burn the 
commonest qualities of fuel, and with a good draught they will bum any kind 
of refuse fuel. They should always be made with Galloway tubes, which 
strengthen the flues, increase the heating surface and circulation, and keep 
an equal temperature throughout the boiler, and thus prevent unequal expan- 
sion and contraction. 
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Comisli Boilers. — Cornish or single flue-tube boilers, are made from 

3 to 5 feet in diameter. The flue-tube is generallymade one-half the diameter 
of the shell, and is fixed so as to leave a depth of 6 inches, between the 
bottom of the flue-tube, and the bottom of the shell, which is ample space 
for the proper circulation of the water, and leaves sufficient depth of end 
plate, to allow it to yield to the expansion and contraction of the flue* tube. 
When less depth of water-space than this is allowed, the bottom part of the 
end plate is liable to crack, for want of sufficient flexibility, to allow for its 
springing during unequal expansion, owing to the top portion of the flue-tube 
becoming much hotter, and expanding more than the bottom portion, which 
causes the end plates to be forced out at an angle ; to provide for this un- 
equal expansion, the end plates should be made as flexible as possible. 

Lancawhire Boilers. — Lancashire, or double flue-tube boilers, are gene- 
rally made from 5 feet 6 inches to 7 feet 6 inches diameter; the space between 
the two furnace-tubes should not be less than 5 inches, and that be- 
tween the furnace-tube and the side of the shell should not be less than 

4 inches. 

End Plates of Comish and Lanoashire Boilers. — ^The back end 
plate may be attached to the shell by an inside angle-iron, but in order to 
increase the flexibility of the front end plate, it should be attached to the 
shell by an outside angle-iron. The end plate should be made out of one 
piece of iron, and the openings for flues should be cut out in a lathe. 

Gusset-Stays. — ^The end plates of Lancashire and Comish boilers 
should be stayed to the shell by gusset-stays, of single plates and double 
angle-iron. The number of stays will depend upon the size of boiler; 
large boilers should have 5 at each end above the flue tubes : 2 at the 
front end, and one at the back end below the flues ; two of the gusset stays 
should be secured to the second belt of plates of the shell, and the bottom 
of the gusset-stays, should not go nearer to the flue than 8 inches, from the 
bottom rivet in the stay, to the rivets of angle-iron connecting the flue-tube 
to the shell, so as not to injure the flexibility of the end plate. 

Longitudinal Stay-Bolts. — ^The end plate of Lancashire and Comish 
boilers, should be stayed with two longitudinal stay-bolts, one on each side 
of the centre gusset-stay, at a good height above the flue, so as not to injure 
the flexibility of the end plates. The screwed part of the stay-ends, should 
be larger in diameter, than the body of the stay, so that the diameter 
at the bottom of the thread, may not be less than the plain part of the stay. 
The stay should be secured to the end plates, by nuts and washers both 
inside and outside. 

Internal Flne-Tnbe. — ^As the pressure acts all round the circumference 
of a flue-tube, in order to make the pressure uniform the flue should be a 
trae circle ; any deviation therefrom, seriously weakens it, and the external 
pressure tends to increase the amount of deviation from the true circle, and 
to collapse the flue. When the plates overlap each other in the longitudinal 
seams, the flue cannot be made perfectly circular, and the amount of devia- 

M 3 
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tion caused thereby, reduces its strength to resist external pressure, to the 
extent of 30 per cent. 

JbongitiidiiiAl ffiwiM of Intenukl Flnio-TiilMS. — When the work- 
manship can be relied upon, the longitudinal seams should be welded, 
otherwise thej should be made with butt joints double riveted, with the 
strip on the outside of the flue. 

niaatetvr of Ftao-Tiibe. — ^The resistance of internal flues to collapse, 
\*aries inversely as the diameter, a tube 12 inches diameter, being double 
the strength of one 24 inches diameter, and as wrought-iron will sustain 
double the force to tear it asunder, that it will to crush it, the diameter of 
the internal flue should never exceed one>half the diameter of the boiler. 

Length of Flvo-Tobo. — ^The resistance of wrought-iron flues to 
collapse, varies inversely as the length, a tube 5 feet long being double the 
strength of one 10 feet long ; but as flues are constructed with several belts 
of plates, the ring seams add considerable strength to the flues, and by 
strengthening the ring seams the length is practically reduced to the distance 
between each ring seam ; the best mode of strengthening the ring seams is 
the Adamson flanged seam, or the Bowling expansion hoop. 

ILongitadinal Sspaiudoa of FhM-Tobo. — ^The flue expands more 
longitudinally than the shell, and unless provision is made for this expan- 
sion, the tube in expanding will become arched, and likewise will cause the 
end plates to spring out. This can be prevented by making the ring seams 
of the flue with Adamson s flanged joint, shewn at Fig. 43, which will allow 
the flue to expand sufiiciently, and the strain on the end plates will be 
reduced ; by using these flanged joints, besides strengthening the flues, 
the edges of the plates, and the rivet heads, are placed out of reach of the 
fire. 

StrongtliOiiiBg Fhie-Tobo ovor tho Fire. — ^In order to assist the 
flue-tube to retain its shape, in case of over-heating, and also to increase its 
resistance against collapsing pressure, strengthening rings, 3 feet apart, 
should be placed round the flue at the furnace end ; they should be made 
of light angle iron of best quality, and riveted to the flue tube with rivets 
at not more than 6 inches centres, passed through ferrules 1} inches deep, 
so as to leave a water space of that depth. 

Xaii-liole. — ^The man-hole of Cornish and Lancashire boilers should be 
guarded with a strong wrought iron raised mouth-piece, welded into one 
piece, flanged at the bottom, and riveted to the boiler with a double row of 
rivets, — ^the diameter inside should be 16 inches, the height 8 inches, the 
thickness of the body should be equal to double the thickness of the shell 
of the boiler, and the flanges should be one-fourth thicker than the body. 
Cast-iron should never be used for this purpose, because it elongates much 
less with the same stress than wrought-iron, and as they both must stretch 
together, the cast-iron will give way long before the breaking strain comes 
on the wrought-iron. When a raised mouth-piece is not used, a wrought- 
iron ring equal in thickness to not less than i| the thickness of the shell. 
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aad in width to 12 times the thickness of the shell, should be riveted on 
with rivets, at centres equal to 4 times the diameter of the rivets. 

ICiid-lioleB. — ^The mud-hole at the front of the boiler, beneath the 
furnace-tubes of Lancashire boilers, should be guarded with a strong 
wrought-iron mouth-piece, and the small mud-holes of vertical and other 
boilers, should be guarded with a strong mouth-piece, raised sufficiently 
to form a flat face for the cover to bed against. 

Boiler FittingB for Comisli and Lancashire Boilers. — ^Every 
boiler should have two safety-valves, and two water-gauges : the one acts 
as a check on the other. The water-gauges should be fixed, so that the 
lowest visible point of the glass, is 5 inches above the highest point of the 
internal flue; the average working height of water above flues is from 
9 to 10 inches. Height of deadplate above floor 2 feet 8 inches. 
Inclination of boiler towards blow-off cock, J inch in 10 feet. Inclination 
of fire-bars towards back of boiler, i inch in 12 inches. The height of 
the bridge at the back of the fire-grate, should be made such, as to leave 
a passage over it, equal to one-sixth of the area of fire-grate. The mouth- 
piece of the furnace should be made of two wrought-iron plates, with an 
air-space between, the door of which should have a sliding grid on the 
outside and a perforated box baffleplate on the inside, for admitting air 
above the fire. The size of the perforations should not exceed | inch in 
diameter, and the sum of their areas should not be less than 3 inches per 
square foot of fire-grate surface. 

Boiler Setting. — Cornish and Lancashire boilers, should rest upon 
fire-brick blocks, set on side walls, the width of bearing surface for the 
boiler, on each side, should be f of an inch, for each foot in diameter of the 
boiler, each side flue should be 6 inches wide, carried up to the level of 
the furnace crown, and down to the level of the bottom of the boiler, the 
width of the bottom flue under the boiler, should be equal to one-half the 
diameter of the boiler, and the depth of the flue should be about 2 feet. 
When thus set, the flame after leaving the furnace-tube, passes under the 
bottom of the boiler, and returns to the chimney along the side flues. The 
face of the brickwork, at the front of the boiler, should be set back 6 inches, 
so as to leave the angle-iron and its rivets open. Fire-clay, instead of lime, 
should be used throughout, in setting the boiler. 

Staying Flat BurSsLoeu, — In a flat surface, such as the side of a loco- 
motive firebox, each stay sustains the pressure on the square area of plate 
which surrounds it, whose side is equal to the distance between the centres 
of the stays ; and the strain on the flat surface between the stays, is found, 
by multiplying the area in square inches between the adjacent stay-rods by 
the pressure. 

The diameter of staybolts, for flat surfaces, should not be less than 
twice the thickness of the plate, and should never exceed three times the 
thickness of plate. 

The working steam pressure of staybolts, per square inch of 
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section at the threads, should not exceed 4,30x3 lbs., to provide against 
wasting from corrosion. 

Tha distanoe of centres of etajbolte is found thus : Multiply the 
constant number, 4,300, by the area of the staybolt, and divide the product 
by the working pressure ; then take the square root of the quotient, and the 
answer will be the proper centres. The usual pitch for locomotive fire-box 
stays is 4 inches centres, irrespective of the thickness of plate. 

The dished end of a cylindrical shell, such as the top of a dome, 
should be dished to a radius equal to the diameter of the cylinder, in order 
to make it equal in strength to the cylinder, a hollow sphere being twice as 
strong as a cylindrical shell, of the same radius and thickness. 

Position of Feed Delivexy in Boilers. — In Cornish and Lancashire 
boilers, the feed should be introduced on one side of the front end plate, 
about 4 inches above the furnace crown, through an internal dispersing 
pipe, carried inside the boiler to at least one-third of its length, and per- 
forated for the last half of the pipe's length ; and in vertical boilers, the 
feed should be introduced through a short perforated pipe, so as to deliver 
just below the water-level, but clear of the fire-box and tubes. When the 
feed is introduced below the furnace crown, if anything gets into the back- 
pressure valve to prevent its closing, the pressure in the boiler will force the 
water back through the feedpipe, and the furnace crown will become bare 
and overheated. 

Heating Feedwater. — In order to prevent unequal expansion and 
contraction, by keeping an even temperature in the boiler, and also to save 
fuel, the feedwater should always be heated. In heating by exhaust steam, 
the feedwater should not be allowed to come in direct contact with the 
exhaust steam, but the steam should pass through pipes around which the 
feedwater should be made to pass. One great advantage of a feedwater 
heater, is, that it arrests the substances held in suspension by the water, and 
scale, &c., is deposited in the heater, which would otherwise form in the 
boiler. The exhaust steam from a non-condensing engine, will heat the 
feedwater to within a few degrees of the boiling point (212°), and a saving 
of about 13 per cent, will be effected over cold water. 

In condensing engines the feedwater is generally taken from the hot 
well, at about 100°, eflFecting a saving of about 4J per cent, over cold 
water. 

ITominal Horse-power of Boilers. — The nominal horse-power of a 
boiler is estimated by its size, and may be found by the following rules 
deduced from practice : — 

Hominal horse-power of plain, cylindrical, or egg-ended boilers : 
Multiply the diameter in feet by the length in feet and divide by 6. 

Hominal horse-power of Cornish boilers : Add the diameter of the 
shell, and the diameter of the fine together, in feet, and multiply the sum 
by the length in feet, and divide the product by 8. 

Hominal horse-power of ]bancashire boilers : Add the diameters of 
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both flues, and the diameter of the shell together, in feet, multiply the sum 
by the length in feet, and divide the product by 8. 

ironiiaal hone-power of vertieal oroM tabe boilers i Add together 
the diameter of the shell, the diameter of the fire box, the diameters of all 
the tubes, and the diameter of the uptake tube, all in feet ; multiply the 
sum by the length in feet, and divide by lo. 

Vominal horse-power of vertical tabular boilers, with vertical 
tubes : Add together the diameter of the shell, the diameter of the fire box, 
the diameters of all the tubes, all in feet ; multiply the sum by the length 
in feet and divide by 12. 

The actual borse-power of a boiler is estimated by the number of 
cubic feet of water, evaporated into steam per hour. The simplest way of 
ascertaining the actual evaporation of any boiler is as follows. When the 
boiler is working satisfactorily, feed the boiler up to the top of the water- 
gauge glass, then shut off the feed, weigh all the coal used after this time, 
and observe the time occupied in reducing the water, from the top to the 
bottom of the glass, fire carefully, and see that the same quantity of fire, is 
left at the end, as at the beginning of the test. Then the evaporative 
power may be ascertained, from the data obtained in the above test, by the 
following rules : — 

To find the number of enUo &et of water evaporated per honr : 
Multiply the number of square feet of water-surface, by the evaporation in 
inches of gauge-glass, multiply the product by 5, and divide the result by 
the number of minutes occupied in evaporation. 

To find the quantity of water in lbs. evaporated per lb. of coal : 
Multiply the number of cubic feet of water, evaporated per hour, by 62*5, 
and divide the product by the quantity of coal in lbs. consumed per hour. 

Heating SnrfiMse. — The evaporative power of a boiler depends upon 
the efficiency of its heating surface, the values of which are as follows : — 
All horizontal surface above the flame . n 

4 vertical surface / Being taken as effec- 

I J the diameter of tubes or round flues . f tive heating surface, 
i^ convex surfaces above the flame . . ) 

Horizontal surfaces beneath the flame, are of no value as heating 
surfaces. 

The Dome should be equal to one-half the diameter of the boiler in 
diameter, and in height, and the hole through the plate should not be larger 
than a manhole ; the edge of the hole should be strengthened by riveting a 
strong ring to it ; but as a steam-dome weakens the boiler shell, and is apt 
to leak at the base, it is better to dispense with it, and take the steam 
through an internal perforated pipe, about 6 feet long, fixed close to the top 
of the shell. 

Cornish and Lancashire Boilers of 5 feet in diameter and upwards, 
should have the longitudinal seams double-riveted. The plates over the 
fire in the flue, should be of Lowmoor iron, to a length of double the 
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length of the firegrate : the shell should he Staffordshire Best plates, and 
the ends Staffordshire Best Best plates, or of equal quality. 

In fixing Galloway tubes, the welded part should face the back end of 
the boiler. 

The Galloway Boiler in its present improved form is an excellent and 
economical steam producer — an 8 hours test of one with 70 lbs. pressure of 
steam, was conducted as follows : — ^steam being raised to 70 lbs., the 
height of water in the boiler was noted, and the fires drawn : the fires were 
then re-lighted, all the fuel used was weighed, allowance being made for 
unconsumed fuel in the fires at the end of the test. Calorimeter observa- 
tions were taken, a certain weight of steam being condensed in a given 
quantity of water, the dampness of the steam being determined by the 
increase of weight and temperature in the water, the feed-water was 
measured and also weighed. The boiler evaporated 11 72 lbs. of water at 
212° F. per lb. of coal, or 2603 lbs. of water per hour, with a heating 
surface of 973 square feet: the boiler power being 41 '64 horse power, at i 
cubic foot of water evaporated per hour, percentage of water in steam '5 : 
coal burnt per hour 283 lbs., or 7*269 lbs. per square foot of grate per 
hour: temperature of gases leaving the boiler 324°: cubic feet of water space 
per horse-power, 14 10: cubic feet of steam space per horse-power, 4-04. 

To find the XTiimber of Oallone of Water a Boiler will hold. — If 
a plain cylinder without tubes, multiply the square of the diameter in feet 
by the length in feet, and by 4*89 ; the answer will be in gallons. Or, 
multiply the square of the diameter in inches by the length in feet, and 
by '034. Or multiply the square of the diameter in inches, by the length 
in inches, and by '00283. 

To find the XTnmber of Gallons in a Cornish or Laneashire 
Boiler. — Multiply the sectional area of the boiler shell in inches, by the 
length of the shell in inches ; multiply the combined sectional area of the 
flues in inches by their length in inches ; subtract this product from the 
first, and divide the remainder by * 1728 ; this will give the number of cubic 
feet of water the boiler will contain, which multiplied by 6*24 will give the 
contents in gallons. 



VERTICAL BOILERS. 

The Firebox should be of Lowmoor iron, the crowns, cross tubes and 
uptake should be Staffordshire Best Best plates, and the shell should be 
Best Staffordshire plates, or equal quality ; there should be one mudhole 
opposite the large end of each cross tube, and mudholes should be placed 
round the bottom of the boiler. The diameter of firebox given in the table 
is at the bottom ; the top should be less in diameter ; the taper Should be 
about I inch per foot in height. 

The Cro88-TnbeB should be lower at the small end than at the other, 
and their seams should be placed away from the fire. 
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Table 39. — ^Weight of one Foot in Length of Wrought-Iron 

Boiler-Tubes. 



Ontside 
Diameter, 



U 
4 

;t 

4i 
5 



Thickness by 
Number of the 
New Imperial 

Standard 
Wire-Gauge. 



14 

13 

13 

13 
12 

12 

12 

12 

II 

II 

II 

II 

10 

10 

10 

9 
9 

8 



Weight 
in Lbs. 



I 'GO 
1*25 
1-30 
1*46 

1-95 
2-17 
2-32 

2 '40 
278 

3'o6 

332 
3*6i 

4-50 
4-91 
5'i6 
6'i9 
670 

7'3i 

7'95 
8-25 



Outside 
Diameter, 



Inches. 

I* 

7 

It 

li 

10 

loj 
II 

12 



Thickness by 
Number of the 
New Imperial 

Standard 
Wire-Gauge. 



8 

7 

7 

7 
6 

6 

5 
5 

4 
4 

Inch. 

1 

i 

4 

A 
A 

a 
Te 

a 
T7 

H 

1 1 



Weight 
in Lbs. 



8-8i 
10*52 
11*25 

I2*l6 

1325 
14*00 
15*10 
16*00 

i7'47 
18*42 

19*50 

20*54 

2375 
26*25 

30*28 

3257 
36.58 

39-06 

44-10 

46*64 



Weight of Boilers. — ^The weights of boilers of different kinds, are 
given in tables 34 to 38 ; the weight of other sizes may be calculated from 
the weight of boiler-shells, table 40, and a rough approximation of the 
weight may be obtained by the following rules. 

Approzimate Weight of Boilers in Cwts. 
Vertical Cross-tube Boilers = Diameter in feet 
Egg-ended Boilers . . = 
Cornish Boilers . . . = 
Vertical Tubular Boilers . = 
Lancashire Boilers . . = 
Return-tube Boilers . . = 
Portable Engine Boilers, | _ 

under 10 horse power . ) ~ 
Portable Engine Boilers, 10 ) _ 

horse power and upwards j 



leter in feet x 


Length in feet. 


ditto X '50 X 


ditto 


ditto X *95 X 


ditto 


ditto X I* 10 X 


ditto 


ditto X 1*34 X 


ditto 


ditto X 2*00 X 


ditto 


ditto X 2*20 X 


( Length in feet 
C of the barrel. 



ditto 



X 2*70 X 



{ 



ditto 
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Thickness f Inch. 


Double 
Riveted. 


./ l>. HI in <^\ rtOO <^ NO M ii-> OS POOO M>0 O irkC?\COI>^NSO O ^0> t^vO 
£ OS N ^O C?\ i-i -"^VO OS •-• POvO QO i-i COVO OO O CO tnOO O PO ir> t^ M t^ 
M HI 11 1-1 <«» M M N cocoroPO^^^^totoiTk ir>\0 so NO vo t^ t>. 


Single 
Rive ed. 


•-•|e« i|e« H|«i ixlM r-t\vt F-i|ei i-r|e« He* He) Hn r-iiM i|e« 
^ Tf t^ M Ti-00 M ir»oO N ii-» OS c«i so Qs covD O PO bx O ■* l>» •-• "too \r\ <^ 
£Osi-i "tsOQO 11 PO u-»00 O N U-»t>*OC«i Tj-bxOsn "J-sOQO »-• POU-kO U^ 
M M n n P< M M N POPOPOPOPO"«l-"^^'5fir>u-^Lrk ir^vO sO sc t^ t^ 


• 

s 

u 

z 

z 

u 

X 

H 


Double 
Riveted. 


«j t^OO O P* ^ir^r^Ost-i P« -^nO 00 On 11 CO tnsO OO O *^ POli^t^OsPJvO 
50O O PO ir> t>. OS n POsO OO O N ^sO On PO ir> t^ O <^ "^sO OO O tr» Os 
iH n M n M p« M P» N POPOPOPOPO^^'«^'«^tr»ir»ir>ir> ir^so so sO 


Single 
Riveted. 


«< loso i>»oo O •-• N po loso t^oo O •-« p* po tr»so r^oo O •-« c* po tn i>» O 

5oo O <^ -"^rv-OsHi pr>ir»t^Osn -^so 00 O P* "*sooo n POir>t>.Os POOO 

n H4 H4 HI n P« M M Pa P* POPOPOPO^'<^^^'«i-irtLOU-kLn U^SO SO 


5 

Z 

z 

M 
u 

S 

H 


Double 
Riveted. 


rfso irk^POP« t-i O OsOO tN.sO iTk ^ PO P* n O OsOO r^so ir> ^ po P* O CO 

Sl>.OsHi POir^l>.ONO <^ "tso OO O N "^so 00 Oshi POu^t>.asHi prsr^o 

i-i M i-i M HI p» PI PI M M POPOPOPOPOPO'<1*^"4*'Tt-^Lrkirk u->so 


Single 
Riveted. 


He« He« H«* '"N '-4«4 •"Iot dlM hIqi ifei He* Hei Hev 
«« Tf PI n OsOO so li-» PO M O 0\ t^sO "^l-PO"-* OOO tN.ii^rtP« n QsOO \r\ M 
£ tN. OS Ht M ^so OO O «*• rhir»l>»OsHi pou-k t^QO O <^ "l-sO 00 Os •-• ir> Os 
HI HI HI HI HI P« PI M M PI PI POPOPOPOCO'<^"t«!f'<^'«i-<<^U^li^irk 


• 

i 

z 

U 
X 

H 


Double 
Riveted. 


««0O iriPOOOO u-»p| Osso -^ O OO m PI Osso pOhiqo ir^p^ Osr^-rfHiNO O 
sso OO O P« po tr» t^oo O N "«*"ir>t^OsO N tsfsO l>» Os n pi tsfvO OO hi ir> 
HI HI M HI n n M M PI M PI PI POPOPOPOPOPOTf^^^^tnLO 

1 


Single 
Riveted. 


S[Sl>»POQ l>^^0 t>.^Hi tN.-«^HiOO "l-HiOO tonQO iriPlOO li-»P« OsPlsO 
£sO 00 Ht PO ir^vO OO O HI PO ir^sO OO O hi PO li^"0 OO O hi cO tnsO O PO 
HI HI HI n HI M P» M PI M M PI COPOPOPOPOPO^^^^^ir>ir» 


• 

5 

Z 

i 

z 
u 

X 

H 


Double 
Riveted. 


g r>. HI NO O to OS ^OO PisO HI ir>0 "I-OO pi t>«»Hi mo ir^Oscot^Pi n O 
£ u-> t^oo O t-* 99 '^ m t^oo O HI CO ""^ ir> txOO O hi po Tf tr» t^oo O posO 

MMHIHIHIHIHtMMMP|P|P|C«POPOPOPOPOPOPOTf<^<^ 


Single 
Riveted. 


Sjso O -^OO «>0 O "^OO PI SO O "^00 PI SO O -^OO P« SO o -^oo P« O 00 
£ m tN.00 OS 1 P« ^ tr»so 00 Os n pi co tr»so OO Os O N pO tr»so t^ Os pi ^ 

HIHIMHIHIHIHIP|P|P|P|P|p|P|COPOPOPOPOPOPO<^^ 


• 

X 

u 
z 

z 

u 

X 


Double 
Riveted. 


•; i^oo O ^« "^u-^r^osHi p^ -Tfvo oo os hi co u^so oo O <^ poii->t>.OsP»so 
£ ^ ir> t^QO OS O HI PI ^ ir>vO tN.00 Os m p« po ^ ir> tN.OO Os O •- pi u^ t^ 

mmuhikhmhimhipipimpipipimmpOpOPOpOPO 


Single 
Riveted. 


i|ei 1H01 i{ei Hei He< iHlea djei Hei He* ilei He* He* 
rfso t^ OS <*« PO u^sO 00 OS HI PI Tt- tr» bxOO O "^ pO ^sO t^ 0\ O <*• u-»00 
-2 Tt U-^sO 00 OS HI PI PO "l-sO bxOO OS HI po ^ li-kvO t>*0O Os M PI -^>o 

MMHIHtHIHIHIHIHiPIPIPIPilPIPIPIPIPIrOPOPOrO 


« 

s 
u 
z 
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z 

8 

X 
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Double 
Riveted. 


He^ '-•lef He* hIm H^i He< He* Hca He* i|e« ih|m H{e« 
•<O0 t>« t>*vO sOii-»u-»'«t'^POPOPIPIMHiOOOs OsOO 00 bx t>»vO so ir» Tf 
£ PO ■* irwG l>»00 OS HI PI PO ^ li^so bxQO OS On hi pi po -^ iTisO OO O 

HIHIHIHIMHIHIHIHIHIHIPIPIPIPIPIPIPIPIcr) 
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Table 41. — ^Approximate Weight of one Foot in Length of Wrought- 

Iron Lap- Welded Tubes. 



Internal 


Thidoiess 


Thickness 


• 

Thickness 


Thickness 


Thickness 


Thickness 


Thickness ' 


Diameter. 


i Inch. 


A Inch. 


(Inch. 


^ Inch. 


i Inch. 


A Inch. 


f Inch. ' 


inches. 


lbs. 


Ihs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. ' 


6 


17 


21 


25 


30 


35 


39 


44 


8 


22f 

28| 


28 


33i 
414 


40 


46i 


§^ 


58| 
73t 


10 


35 


50 


58 


65 


13 


34 


42 


50 


60 


70 


78 


88 


14 


39i 


49 


ir 


70 


8ii 


91 


102I 


16 


45 


56 


80 


93, 


104 


117 


18 


51 


63 


75 


90 


ip4i 


117 


131* 


30 


§7. 


70 


83i 
9ii 


100 


116 


130 


146 


22 


62i 


77 


no 


• 1 27 J 


143 


161 


24 


68 


84 


100 


120 


140 


156 


176 


26 


73i 
79? 


9i 


108^ 
116 


130 


ifii 


169 


191 


28 


98 


140 


163 


182 


205t 


30 


85 


105 


124I 


150 


i74i 


195 


220 


32 


9?, 


112 


^33, 


160 


186 


208 


234i 


3i 


96i 


no 


141T 


170 


i97i 


221 


249 


36 


102 


126 


150 


180 


210 


234 


264 


38 


io7i 


133 


158^ 
i66i 


190 


22li 
232! 


247 


279 


40 


114 


140 


200 


260 


2931 


42 


119 


147 


I74f 


210 


244 


273 


308 


44 


I25| 

i30t 


154 


183, 


220 


255i 
267t 


286 


322 


46 


161 


i9ii 


230 


299 


337i 


48 


136 


168 


200 


240 


280 


312 


352, 


1* 


153 


189 


225 


270 


315 


351 


395i 


60 


170 


210 


250 


300 


350 


390 


440 


66 


187 


231 


275 


330 


385 


429 


484 


72 


204 


252 


300 


360 


420 


468 


528 



The Tensile Strength of Good Boiler Plates when the strain is 
applied in the direction in which they are rolled, or along the grain, is 

2 1 tons per square inch of section ; when the strain is applied across the grain 
it is only 18 tons. The tensile strength of Lowmoor and Best Yorkshire 
plates is 24 tons per square inch of section lengthways of the grain, and 

22 tons across the grain. 

Biveted Joints are liable to fracture in 4 different ways: (i.) 
T/ie rivets may be shorn <?^^— the force required to hear a rivet being the 
shearing strength of the iron multiplied by the area of the rivet. The 
strength of rivet-iron to resist shearing is about that of the plate to resist 
tearing, or 2 1 tons per square inch of section. The strength of the rivets 
in a joint, may be found by multiplying the area in square inches of one 
rivet by the number of rivets, and multiplying the product by 47,000 for 
'ordinary rivets, and by 53,760 for Lowmoor Iron rivets. 



RIVETED JOINTS, 
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(2.) The plate may tear along the line of rivet-holes as shown at A B, 
Fig. 36, that is, between the rivet-holes. The strength of the plate between 
the rivet-holes is impaired by punching to the extent of 20 per cent ; and 
the strength to resist fracture between the rivet-holes is found thus : — first 
find the area of plate between two rivet-holes, which is found by sub- 
tracting the diameter of the rivet from the pitch of the rivets in inches, 
and multiply the remainder by the thickness of the plate in inches, giving 
the area in square inches between two rivet-holes. Multiply this by 
38,700 when the rivet-holes are punched and by 44,000 when the rivet- 
holes are drilled. The answer will be the strength of metal left between 
two rivet-holes. 

(3.) The plate may crush in front of the rivet as shown at Fig. 37. The 



A--0-B 



n 



Fig 36. 



u 



Fig. 37- 



3l 



Fig. 38. 



resistance offered by a plate to the crushing strain of a rivet, is one and 
three-quarter times the amount of the tensile strength of that plate, or say 
37 tons. The area which resists the crushing strain, is found by multiply- 
ing the diameter of the rivet by the thickness of plate in inches ; and the 
strength of the plate between the rivet-hole and the edge of the plate is 
found thus : — ^multiply the diameter of the rivet by the thickness of plate in 
inches, and multiply the product by 82,800. 

(4.) The plate may break across in front of the rivet as shown at Fig. 38, 
and the strength opposed to resist this transverse fracture may be found 
thus : Multiply the square of the distance between the rivet-hole, and the 
edge of the plate, by the thickness of the plate, then divide the product by 
the diameter of rivet, and multiply the quotient by 48. The answer will be 
in tons, which multiplied by 2240 gives the strength in lbs. 

Example of the above rules. — Required the strength of the riveted joint 
of two plates, each 4x| inches wide x ^ inch thick, fastened with 20 rivets 
I inch diameter X 2 inch pitch ; in punched holes f inch from edge of 
plate. 



(i.) '4417 X 20 X 47,000 Rivets shearing off . 415,198 lbs 

(2.) 2—75 = 125 X '437 X ) 

38,700 X 20 . . ) " ) 



> Tearing between riv^t holes { 422,600 

N 
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(3) "437 ^ 75 X 82,800 X ") Crushing in front of rivet") ., 

20 ) holes ) 54 >5 

(4-) = -3274 X f Breaking across in front of / g 

48x2240x20 .3 "^«^b°i«« • • •) " 

The strength of the solid plate will equal its sectional *\ 

area x 47,000, or 41 J inches wide X '437 thick x > 852,340 „ 
47,000 lbs. tensile strength ) 

The Weakest Part of the above Seam is the resistance offered to the 
rivets shearing off. The strength to resist tearing between the rivet-holes, 









Fig. 39. 



^^^^ 
////*•///////////. 
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Fig. 40. 
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Fig. 43. 



Fig. 41. 



is also very small compared with the strength of the solid plate, the 
strength of the joint with punched holes and single riveted, being only 
equal to one-half of the solid plate. The efficiency of the joint is the ratio 
of its strength to that of the solid plate, which Mr. Fairbaim found to be 
'for single-riveting 56 per cent., and for double-riveting 70 per cent, of the 
strength of solid plate. 
Fig. 39 shows a single-riveted lap-joint ; Fig. 40 a butt joint with single 






Fig. 41. 



Fi& 44. 



Fig. 45- 



covering strip; Fig. 41, butt joint with double covering strip; Fig. 42, a 
double riveted lap joint with zigzag rivets; Fig. 43, Adamson's flanged 
seam for furnace-tubes: Fig. 44, Expansion hoop for furnace-tubes; 
Fig. 45, Angle iron hoop, or strengthening ring for furnace-tubes. 



BURSTING AND COLLAPSING PRESSURE OF STEAM BOILERS. 1 79 

The Fitoh of Bivete for boilers, varies considerably in practice. 
The proportions of riveted joints given in Table 103, page a8o, give good 
results. 

Bursting Trewmre of Gylindxioal Steam Boilers. — ^To find the 
strength to resist — in a line parallel to its axis — the internal bursting pressure 
of a cylindrical boiler shell. Rule: Multiply twice the thickness of the 
plate in inches, by one of the following constant numbers, and divide the 
product by the diameter of the boiler shell in inches, and the quotient will 
be the bursting pressure in lbs. per square inch. 

26,cxx) constant number for single-riveted joint of wrought-iron. 
32,500 „ „ double-riveted joint of wrought-iron. 

40,500 „ „ single-riveted joint of steel. 

50,625 „ „ double-riveted joint of steel. 

Table 42 has been calculated by these rules. It gives the bursting 
pressure in pounds per square inch of lap-jointed wrought-iron cylindrical 
boiler shells, of from 2 feet to 9 feet diameter, of various thickness of plates, 
both single and double-riveted. 

Bursting pressure of Spherical Shells. — ^To find the bursting 
pressure in lbs. per square inch, of a wrought-iron spherical shell, take 
double the bursting pressure of a cylindrical shell, of ^e same radius and 
thickness. 

To find the Collapsing Pressure in Ihs. per Square Xnoh of boiler 
tubes, or flues of wrought-iron, of perfectly circular shape, or not more than 
the thickness of plate from the true circle. Rule: Multiply the square of 
the thickness of the plate in 32nd parts of an inch, by the constant number 
800, and divide that product, by the product of the length in feet, multiplied 
by the diameter of the tube in inches. In calculating elliptical tubes, the 
diameter of a circle, equal to the largest circle of curvature of the tube, 
should be used in the above rule, for finding the collapsing pressure. 

Table 43 has been calculated by this rule. It gives the collapsing 
pressure in pounds per square inch of wrought-iron cylindrical boiler flue 
tubes, of from 12 inches to 42 inches diameter, of various thickness and 

length. 

Factor of Safety for New Cylindrical Steam Boilers, which have been 
tested by hydraulic pressure to twice the working pressure. When the 
quality of the materials and workmanship is known to be first-class, a 
factor of safety of 6 may be used, but when this condition is not complied 
with, the following additions should be made to the factor of safety 6, viz., 
*25 if the holes are not good and fair in the circumferential seams ; '5 if 
the seams are not properly crossed ; ,*5 if the holes are not good and fair 
in the longitudinal seams ; I'o if the longitudinal seams are single-riveted ; 
and 2'0 when the quality of the materials and workmanship is doubtful. 
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Table 43. — Collapsing Pressure of Wrought-Iron Cylindrical 
Tubes in lbs. per Square Inch, when not more than the thickness 

of the Plate from being a true Circle. 



Lbngth 


OP Tubb I 










AMD ThICKNBSS DiAMKTER < 


}p Tube, in Inches. 




OP Platb. 


■"^""^^ 










Length. 


Thickness 


13. 

lbs. 


>5. 

lbs. 


18. 

lbs. 


31. 

lbs. 


24- 

lU. 


37. 
lbs. 


30- 33- 36. 


39. 


4a- 


feet 


inches. 


lU. 


lbs. 


lbs. 


lbs. 


lbs. 


6 > 




711 


568 


474 


406 


350 


316 


284 


258 


237 


218 203 


6 > 


: A 




nil 


888 


740 


634 


555 


493 


444 


404 : 370 


341: 317 


6 > 




1600 


1280 


1066 


914 


800 


711 


640 


581 


533 


492 


457 


6 > 


' ^ 


2177 


1742 


1451 


1244 


1088 


967 


871 


791 


725 


670 


622 


6 > 




2844 


2275 


1896 


1625 


1422 


1264 


1137 


1034 


948 


875 


812 


6 > 




3600 


2880 


2400 


2057 


1800 


1600 


1440 


1309 


1200 


1 107 


1028 


6 > 


= f 


4444 


3555 


2962 


2539 


2200 


1975 


1777 


1616 


1481 


1367 


1269 


8 > 


•J 


833 


666 


555 


476 


416 


370 


333 


303 


278 


256 


238 


8 > 


= i 


1200 


960 


800 


686 


600 


533 


480 


436 


400 


369 


343 


8 > 


' ^ 


1633 


1300 


1088 


933 


817 


725 


650 


593 


544 


502 


467 1 


8 > 


' i 


2133 


1706 


1422 


1219 


1067 


948 


853 


770 


711 


656 


609 


8 > 




2700 


2160 


1800 


1542 


1350 


1200 


1080 


981 


9CX3 


830 771 i 


8 > 


^ 8 


3333 


2666 


2222 


1910 


1667 


1481 


1333 


1212 


nil 


1025 


955 


10 > 


f B 

^ la- 


666 


533 


444 


380 


333 


296 


267 


242 


222 


205 


190 


10 > 


: f 


960 


768 


640 


548 


480 


426 


384 


349 


320 


295 


274 


10 > 


' ^ 


1306 


1045 


871 


746 


653 


580 


523 


475 


436 


402 


373 


10 > 


: 4 


1706 


1365 


II37 


975 


853 


758 


683 


620 


569 


526 


488 


10 > 


' A 

V 


2160 


1728 


1440 


1234 


1080 


960 


864 


785 


720 


664 


617 


10 > 


c ^ 


2666 


2133 


1777 


1523 


1333 


1 185 


1067 


969 


889 


820 


762 


12 > 


^ 8 


800 


640 


533 


457 


400 


356 


320 


290 


267 


246 


229 


12 > 


' ^ 


1089 


871 


726 


622 


544 


489 


436 


396 


363 


335 


3" 


12 > 


^ 8 


1422 


1138 


948 


813 


711 


632 


569 


517 


474 


438 


406 


12 > 


^ vv 


1800 


1440 


1200 


1029 


900 


800 


720 


655 


600 


554 


5H 


12 > 


^ t 


2222 


1778 


1481 


1269 


1 100 


988 


889 


808 


742 


684 


635 


14 > 


^ 1 


685 


548 


457 


391 


343 


304 


274 


248 


229 


210 


196 


14 > 


' ^ 


933 


746 


622 


530 


467 


414 


373 


339 


311 


287 


265 


14 > 


^ 8 


1213 975 


812 


696 


607 


541 


488 


443 


406 


375 


348 


14 > 


' ^} 


1542 


1234 


1028 


881 


771 


680 


617 


561 


514 


475 


440 


14 > 


\ t 


1904 


1523 


1269 


1088 


952 


846 


761 


696 


635 


586 


544 


16 > 


600 


480 


400 


343 


300 


267 


240 


219 


200 


185 


172 


16 > 


' ^ 


817 


650 


544 


467 


409 


363 


325 


297 


272 


251 


234 


16 > 


= \ 


1067 


853 


711 


609 


534 


474 


426 


385 


35^ 


328 


305 


16 > 


! tV 


1350 1080 


900 


771 


675 


600 


540 


491 


450 


415 


386 


16 > 




L 
1 


1667 1333 


nil 


955 


834 


741 


667 


606 


556 


513 


478 


18 > 




1 


533 427 


356 


305 


267 


237 


214 


194 


178 


164 


153 


18 > 


' ^ 


726 581 


484 


415 


363 


322 


290 


264 


242 


223 


207 


18 > 

0^ 


r 1. 
^ 8 


948 758 


632 


542 


474 


421 


374 


345 


316 


292 


271 


18 > 


: A 

V 


1200 


960 


800 


686 


600 


534 


480 


436 


400 


369 


343 


18 > 


= t 
: f 


1481 


1185 


988 


846 


740 


658 


593 


539 


494 


456 


423 


20 > 


480 


384 


320 


274 


240 


213 


192 


175 


160 


148 


137 


20 > 


: A 653 


523 


436 


373 


327 


290 


262 


238 


218 


201 


187 
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Table 


43 continued, — Collapsing 


Pressure 


OF Wrought-Irom Tubes. 


Lbncth 


OF Tube 




















AND Thickness 








>r Tubs, in Inchbs. 






OF Plats. 




















Length. 


Thickness 


Z9. 

lbs. 


IS- 

lbs. 


z8. 
lbs. 


az. 

lbs. 


«4. 

lbs. 


•7. 

lbs. 


30. 

lbs. 


33- 
lbs. 


36. 

lbs. 


39- 
lbs. 


4«. 


feet 


inches. 


lbs. 


ao > 


c \ 


853 


^53 


568 


488 


427 


379 


342 


310 


285 


263 


244 


20 > 


: A 


1080 


864 


720 


617 


540 


480 


432 


393 


360 


332 


309 


20 > 


c 1 


1333 


1067 


889 


762 


667 


593 


534 


485 


445 


410 


381 


22 > 


c f 


432 


346 


295 


247 


216 


192 


173 


158 


216 


134 


124 


22 > 


; t 


588 


471 


393 


336 


294 


262 


236 


215 


197 


lOI 


168 


22 > 


768 


615 


512 


440 


384 


342 


308 


279 


256 


237 


220 


22 > 


f A 


972 


778 


648 


556 


486 


432 


389 


354 


324 


299 


278 


22 > 


c 1 


1200 


961 


801 


686 


600 


535 


481 


437 


400 


369 


343 


24 > 


400 


320 


267 


229 


200 


178 


160 


U5 


134 


123 


"5 


24 > 


' -^ 


545 


436 


363 


3" 


272 


245 


218 


193 


182 


168 


155 


24 > 


i i 


711 


569 


474 


407 


356 


316 


285 


259 


237 


219 


203 


24 > 


' ^ 


900 


720 


600 


515 


450 


400 


360 


328 


300 


277 


257 


24 > 


; { 


nil 


889 


741 


635 


550 


494 


445 


404 


371 


342 


318 


26 > 


369 


295 


246 


210 


185 


164 


148 


134 


123 


114 


105 


26 > 


' -^ 


500 


402 


335 


287 


250 


223 


201 


183 


168 


154 


1 44 


26 > 


c i 


656 


VJ 


437 


374 


328 


291 


263 


238 


219 


201 


187 


26 > 




830 


664 


5§3 


474 


415 


369 


332 


302 


277 


255 


237 


26 > 




■ 


1025 


820 


683 


586 


512 


455 


410 


372 


342 


3*5 


295 


28 > 




' 


343 


274 


229 


196 


172 


152 


157 


124 


114 


105 


98 


28 > 


' ^ 


467 


373 


3" 


265 


234 


207 


187 


169 


156 


144 


133 


28 > 


c i 


607 


488 


406 


348 


304 


270 


244 


222 


203 


188 


174 


28 > 


^ ♦ 


771 


617 


514 


440 


386 


340 


309 


280 


257 


238 


220 


28 > 


c t 


952 


762 


635 


544 


476 


423 


380 


348 


318 


293 


272 



Note. — Factor of Safety. The working pressure should never exceed one-sixth 

of the collapsing pressure. 

This Table shows how weak long cylindrical tubes are, to resist external 
or collapsing pressure, and the necessity of strengthening the flue-tubes, of 
Lancashire and Cornish boilers, with strengthening rings of angle-iron, and 
also by using Adamson's flanged seams at the joint of each belt, or at least 
of alternate belts of plate, whereby the length of tube is practically reduced 
to the length between the strengthening rings. 



SAFETY-VALVES. 



A 8af(Btj-ValTe should be capable of discharging considerably more 
steam than the boiler can generate, by the combustion of all the coal that can 
be burnt upon its fire-grate, to prevent the blowing-off pressure being materi- 
ally exceeded, and the area should be proportional both to the fire-grate 
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surface and to the pressure of steam. The lower the pressure the larger must 
the safety-valve be. When steam flows through an orifice with a square 
edge such as a safety-valve, its flow is considerably reduced, and the weight 
in lbs. of steam discharged per minute, per square inch of opening, corres- 
ponds nearly with three-fourths of the absolute pressure in the boiler, when 
that pressure is not less than 25 lbs., or 10 lbs. above the atmosphere. The 
area of opening requisite for the discharge of any given constant weight of 
steam, is in inverse ratio of the pressure ; that is to say, it requires an 
orifice of three times larger area, to discharge steam of 30 lbs. pressure, than 
is required to discharge the same weight of steam per minute at 90 lbs. 
pressure. 

The opening for the escape of steam, through a conical valve with cone 
of 45°, is about one-third less than the lift. 

To find the proper area of a Safety-Valvey multiply the area in 
square feet of fire-grate surface, by one of the following multipliers, 
corresponding with the pressure at which the safety-valve is to blow ofiF, 
and the product will give the area in square inches of that safety-valve ; to 
which must be added the area of the wings of the valve, when the valve 
is constructed with wings. 

Pressure as shown by the steam gauge 10 lbs., constant multiplier 1*4 



ft 


f> 


99 


99 


15 


it 


99 


ft 


I'2 


l» 


»» 


99 


99 


20 


99 


99 


99 


ro4 


99 


99 


99 


99 


^5 


99 


99 


91 


•9 


>9 


M 


99 


99 


30 


99 


99 


tt 


•8 


99 


» 


99 


99 


35 


99 


99 


99 


72 


9» 


>9 


99 


99 


40 


99 


99 


99 


•66 


99 


99 


99 


99 


45 


99 


99 


99 


•6 


»» 


W 


99 


99 


50 


99 


99 


99 


•56 


99 


19 


»» 


99 


55 


99 


99 


99 


•54 


f9 


99 


99 


99 


60 


99 


99 


99 


•52 


»> 


9» 


99 


99 


70 to 80 „ 


99 


99 


•5 


» 


If 


» 


„8otoioo„ 


99 


99 


•48 



Direct Load upon the Valve. — ^When the valve is loaded by a weight 
or spring, placed direct upon the valve, without the intervention of a lever. 

To find the necessary weight in lbs. to attach, or the amount of tension 
to put upon the spring, to prevent the valve blowing off before the blowing- 
off pressure is reached, multiply the area of the valve in square inches 
by the pressure of steam in lbs. per square inch, and to the product add the 
weight of the valve. 

To find the pressure in lbs. per square inch, divide the load in lbs. upon 
the valve, by the area of the valve in square inches. 

Safety Valve with Lever. — ^The centre of gravity of the lever, is the 
point at which it will balance, when placed upon a knife-edge. In Fig. 46, 
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F is the fulcrum, or joint where the lever is fixed, V is the centre of the 
valve, W is the weight. 

The best angle for the seat of the valve is 45°; the width of mitre should 
not exceed ^ inch ; the lift of the valve should not exceed -^ inch ; the 
distance between the fulcrum and the centre of the valve, should equal the 
diameter of the valve ; the pivot should bear upon the valve considerably 
below the level of the valve-seat. When a weight is used the total length of 
lever should equal one-third the diameter of the boiler ; when the lever is 
held down by a spring-balance, the distance between the fulcrum and the 




Fig. 4& 



centre of the valve should equal the diameter of the valve, and the distance 
between the fulcrum and the spring-balance, should equal as many times 
the diameter of the valve, as there are square inches in its area. 

Salbty-ValTe Loaded Xxj a Lever and Weight. — ^When a lever and 
weight are employed to load a valve, it is necessary to find the resistance 
due to the weight of the lever and the valve. This may be ascertained by 
securing the valve to the lever with a piece of wire, and attaching a spring 
balance directly over the centre of the valve, which will give the load due 
to the weight of the valve and the action of the lever. This result divided 
by the area of the valve in square inches, will give the pressure in lbs. per 
square inch, at which the steam will raise that valve. 

To calculate the action of the lever when the above method cannot be 
employed, Approximate Rule : Multiply the weight in lbs. of the lever, by 
the distance between the fulcrum and the centre of gravity, and divide the 
product, by the distance between the fulcrum and the centre of the valve ; 
which will give the approximate resistance in lbs. due to the action of the 
lever, to which result add the weight of the valve and pivot. 

To find the pressure in lbs. per square inch, at which the valve will 
begin to blow ofiF : — 

1. Multiply the weight in lbs. of the ball, by the distance in inches it is 
placed from the fulcrum. 

2. Multiply the weight in lbs. of the lever, by the distance in inches 
between the centre of gravity and the fulcrum. 
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3. Multiply the weight in lbs. of the valve, by the distance in inches 
between the centre of the valve and the fulcram. 

4. Multiply the area of the valve in square inches, by the distance in 
inches between the centre of the valve and the fulcrum, then add together 
the first 3 products, and divide the sum by the 4th product. 

To find the position of the w«iglit on the leirery so that the safety- 
valve will blow off at a given pressure : — 

1. Multiply the weight in lbs. of the lever, by the distance in inches 
between the centre of gravity and the fulcrum. 

2. Multiply the weight in lbs. of the valve, by the distance in inches 
between the centre of the valve and the fulcrum. 

3. Multiply the area of the valve in square inches, by the pressure of the 
steam in lbs. per square inch, and multiply the product by the distance in 
inches between the centre of the valve and the fulcrum ; then add together 
the first two products, and subtract the sum from the 3rd product, and 
divide the remainder by the weight of the ball in lbs. 

To find the weight to place on the Utvevg so that the valve will blow off 
at a given pressure : — ^Multiply the area of the valve in square inches, by the 
required pressure of steam in lbs. per square inch, from which result deduct 
the weight of the valve and action of the lever in lbs. ; then multiply by 
the distance from the fulcrum to the centre of the valve in inches, and 
divide the product by the distance in inches, between the fulcrum and the 
point of the lever at which the weight is placed. 



PROPORTIONS OF STEEL SPRINGS. 

Spiral Springs. — ^The proportions of spiral springs for safety valves 
loaded with direct springs, may be determined by the following rules : — 

The internal diameter of the coil^ should equal 4 times the thickness of 
the steel of which the spring is composed. 

The lift of safety valves for all sizes, may be taken at one-tenth part of 
an inch. 

The compression or extension of the springs to produce the initial load, 
should be forty times the lift of the valve, or 4 inches for all sizes of valves 
with the above lift. 

To' find the diameter of round «teel« or side of square of square steel, 
for springs : — * 

* The Author is indebted for the above rules for safety-valve springs, and for some of 
the information on safety-valves to a report on safety-valves in tne transactions of the 
Institution of Engineers and Shipbuilders of Scotland. 
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Find the load, by multiplying the area of the safety-valve in square 
inches, by the pressure of the steam in lbs. per square inch ; then multiply 
the load by the diameter of the coil, from centre to centre of the steel ; 
divide the quotient by the constant number 3 for round steel, or by the 
constant number 4*29 for square steel, and the square root of the quotient 
will give the size of steel in sixteenths of an inch, that is, the diameter when 
round, and the side of the square when square. 

To find the compression or extension of one coil in inches : — 
Cube the diameter in inches of the coil (from centre to centre of the 
steel), then multiply by the load in lbs., and divide the product by the 
product of the fourth power of the diameter (or side of square if square) 
of the steel in sixteenths of an inch, multiplied by the constant number 
22 for round steel, and 30 for square steel. 

To find the pitch of a spiral spring: — The distance between 
neighbouring coils should be equal to twice the compression (or extension 
as the case may be), found by the last rule, and the pitch will be twice 
the compression added to the diameter of the steel when round, or the side 
of the square when square. 

To find the number of coils : — Divide the initial compression of spring 
(or 4 inches for all sizes) by the amount of compression, or extension of 
one coil (found by the above rule), which will give the effective number 
of coils. 

To find the length of spring, multiply the number of coils found by 
last rule by the pitch of spiral, and add two more coils, to allow for the two 
end coils serving as bases for the spring. 

The above rules are for valves loaded with direct springs, but the same 
rules apply to springs acting at the end of levers, in which case the lift of 
the end of the lever where the spring is attached, must be taken instead of 
the lift of the valve. 

Laminated Springs for LocomotiTe Engines, railway carriages and 
waggons, and conveyances. — The thickness of steel plate for springs under 
3 j[ to 4 feet span, should not exceed i inch in the smaller, and from -^ to 
f inch in the larger sizes ; for larger spans the thickness is generally i inch, 
with the two top plates f inch thick. The deflection per ton of load, is 
about i inch for railway waggons, f to i inch for locomotive engines, 
i^ inch for horse boxes, and from if to 2J inches for railway carriages. 
The following are Mr. D. K. Qark's rules for laminated or plate springs. 

Let D = the deflection in sixteenths of an inch per ton load. 
S = the span of the spring in inches when loaded. 
d = the breadth of the spring plate in inches, considered uniform. 
/ = the thickness of plates in sixteenths of ah inch. 
n = the number of plates. 
W = the working strength of spring in tons, or safe load. 



Then W = ^ 

ii'3 S 

1-66 S' 
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D = 



nb^ 



11-3 SW 

n :=: 

b^ 

and n necessary to a given elastic flexure, span, and size of plates s 

_ r66S8 
^" I>bfl 



CHIMNEYS FOR FACTORY STEAM BOILERS. 

The source of power for the draught of a chimn^, is the difference 
in weight of a vertical column of cool air outside the chimney, compared 
with that of a vertical column of the heated gases inside the chimney. 
These two columns of air being of unequal weight, motion ensues. The 
best draught takes place, when the temperature of the gases inside the 
chimney is at 552°, which weighs only one-half the weight of the air out- 
side the chimney when at 62^. A quantity of heat is absorbed in pro- 
ducing draught, but only about one-fourth the quantity of the heat is 
required to raise 1 lb. of air one degree, which is required to raise i lb. of 
water one degree, and the heat carried off by the gases may be found 
thus : Multiply the weight of air per lb. of coal, by the difference in tem- 
perature between the gases in the chimney and the external air, and 
multiply the product by '238. The quantity of air required is 24 lbs. for 
each lb. of fuel. The usual rate of combustion is 12 lbs. of coal per 
square foot of grate-area per hour in Cornish and Lancashire boilers. 

Proportions of Bri<^ Chimneys — ^For an ordinary factory chimney, 
say, one for a good-sized cotton factory, the thickness of brickwork is 
9 inches at the top; 14 inches at a distance of one-fourth the height from 
the top ; 18 inches at one-half the height ; 23 inches at a distance of three- 
fourths the height from the top ; and 28 inches at the base. 

To find the area in square feet at the top of a chimneyfor a given 
boiler : Rule^ multiply the area of the fire-grate surface in square feet by 
'80, and divide the product by the square root of the height of the chimney 
in feet. 

To find the inaTlinmn horse-power of a chinmeyy when the inside 
area at the top, and the height, are given, divide the area in square inches 
by 70, and multiply the result by the square root of the height in feet. 
This will give the maximum horse-power, but a chimney should always 
be made about one-third larger than necessary, to allow for contingencies. 

Fines. — ^The horse-power of a chimney reduces with the length of 
flue. The power wiUi longer flues than 50 feet, may be found by 
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multiplying the horse-power in the following table by '8 for flues lOO feet, 
by 7 for flues of 200 feet, and by '6 for flues of 5CX) feet in length, from 
the furnace to the chimney bottom. 
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THE PREVENTION OF SCALE IN STEAM BOILERS. 



of Water is caased by the water coming in contact with 
various mineral substances, as it passes over or through the ground, and 
which it partially dissolves and holds in solution. These substances are 
chiefly sulphate of lime, bicarbonate of lime, and carbonate of magnesia. 
These, as well as various other impurities, are contained more or less in all 
river, lake, and well water. The action of heat in a boiler makes these 
substances insoluble, and causes their deposit on the boiler-plates in the 
form of scale, which, being a non-conducting material, retards the trans- 
mission of heat from the iron to the water, and also renders the plates 
liable to be burnt, by preventing the water from coming in contact with the 
plates. The loss of fuel caused by incrustation has been observed to be 
about 15 per cent, for every -^ inch of thickness of scale. For softening 
water and preventing incrustation, pure caustic soda has been found to 
be the most effective; its strength should be 98 per cent., that is, 
containing only 2 per cent, impurities. Some caustic soda has only 60 
per cent, strength, and contains common salts and sulphur salts, which 
injure the boiler plates. The pure caustic soda in powder should be dis- 
solved in water, and introduced continually with the feedwater, by con- 
necting the suction-pipe of the pump with the vessel containing the com- 
position. The proper amount is, for very hard water, i oz. to every 5 gallons 
of water, and for water of medium hardness i oz. for every 10 gallons, and 
for fairly good water i oz. for every 1 5 gallons. In using caustic soda, 
the boiler should be frequently blown off. 

Soda-ash is sometimes used, but it is not nearly so effective as pure 
caustic soda ; besides, soda-ash often contains impurities which injure the 
plates. 

Propoxtioiui of Tire-Bam. — Fire-bars should be as short as con- 
venient ; thin bars keep cooler, stand the fire better, and do not twist so 
much as thick ones. The dimensions for all lengths of bars (except in 
the middle, which is given below) are : — 

Thickness at the top = J inch ; thickness at the bottom = f inch ; the 
sides to be parallel at the top to a depth of about f inch, and then to 
be tapered downwards; ends and centre rib i^ inches thick, so as to leave 
an air space of ^ inch ; ends i^ inches deep x if inches long. 



Length of fire-bar, in 




























inches . 


12 


15 


18 


21 


24 


27 


30 


33 


36 


39 


42 


45 


48 


Depth at the centre, in 




























inches . . . 


2 


2i 


2^ 

^2 


2f 


3 


3i 


3t 


3i 


4 


4i 


4j 


4i 


5 


Weight of the bar, in lbs. 


5 


7 


8 


10 


12 


15 


»7 


19 


22 


26 


29 


32 


36 
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THE CARE OF STEAM BOILERS. 

The following is a copy of a sheet of instructions to boiler attendants^ 
issued to their clients by the Manchester Steam Users' Association. 

Instructions to Boiler Attendants. 

Getting up Steam. — ^Warm the boiler gradually. Do not get up 
steam from cold water in less than six hours. If possible, light the fires 
overnight. 

Nothing turns a new boiler into an old one sooner than getting up steam 
too quickly. It hogs the furnace tubes, leads to grooving, strains the 
end plates, and sometimes rips the ring-seams of rivets at the bottom of 
the shell. 

Piring,— Fire regularly. After firing, open the ventilating grid in the 
door for a minute or so. Keep the bars covered right up to the bridge. 
Keep as thick a fire as the quality of coal will allow. Do not rouse the 
fires with a rake. Should the coal cake together, run a slicer in on the top 
of the bars and gently break up the burning mass. 

It has been found by repeated trials, that, under ordinarily fair conditions, 
no smoke need be made with careful hand-firing. 

Cleaning Fires and Slacking Ashes. — Clean the fires as often as the 
clinker renders it necessary. Do not slack the clinkers and ashes on the 
flooring plates in front of the boiler, but draw them directly into an iron 
barrow and wheel them away. 

Slacking ashes on the flooring plates corrodes the front of the boiler at 
the flat end plate, and also at the bottom of the shell where resting on the 
front cross wall. 

Feed-Water Supply.— Set the feed-valve so as to give a constant 
supply, and keep the water up to the height indicated by the water-level 
pointer. 

There is no economy in keeping a great depth of water over the furnace 
crowns, whilst, at the same time, the steam-space is reduced thereby, and 
the boiler is rendered more liable to prime. Nor is there any economy 
in keeping a very little water over the furnace-crowns, whilst the furnaces 
are thereby rendered more liable to be laid bare. 

Glass WateisCkiiiiges and Floats. — Blow through the test-tap at the 
bottom of the gauge hourly, as well as through the ts^ in the bottom neck, 
and the tap in the top neck twice daily. These taps should be blown 
through more frequently when the water is sedimentary, and whenever the 
movement of the water in the glass is at all sluggish. Should either of the 
thoroughfares become choked, clean them out with a wire. Work the floats 
up and down by hand three or four times a day to see that they are quite 
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free. Always test the glass water-gauges and the floats thoroaghly the first 
thing in the morning before firing up. 

It does not follow that there is plenty of water in the boiler because there 
is plenty of water in the gauge-glass. The passages may be choked. Also, 
empty gauge-glasses are sometimes mistaken for full ones, and explosions 
have resulted therefrom. Hence the importance of blowing through the 
test-taps frequently. 

Blow-out Taps and Scum Taps. — Open the blow-out tap in the 
morning defore the engine is started, and at dinner time when the engine 
is at rest. . Open the scum tap when the engine is running, before break- 
fast, before dinner, and after dinner. If the water be sedimentary, run 
down half an inch of water at each blowing. If not sedimentary, merely 
turn the taps round. See that the water is at the height indicated by the 
water-level pointer at the time of opening the scum tap. Do not neglect 
blowing out for a single day, even though anti-incrustation compositions 
are put into boiler. 

Water should be blown from the bottom of the boiler when steam is not 
being drawn off, so that the water may be at rest and the sediment have an 
opportunity of settling. Water should be blown from the surface when 
steam is being drawn off, so that the water may be in ebullition and the 
scum floating on the top. If the water be below the pointer, the scum 
tap will blow steam ; if above the pointer, the scummer will miss the 
scum. 

Safety-Valves. — Lift each safety-valve by hand in the morning before 
setting to work, to see that it is free. If there is a low-water safety valve, 
test it occasionally by lowering the water level to see that the valve begins 
to blow at the right point. When the boiler is laid off, examine the float 
and lever and see that they are free, and that they give the valve the 
full rise. 

If safety-valves are allowed to go to sleep, they may get set fast. 

Blioxtness of Water. — ^In case the boiler should be found to be short 
of water, draw the fires, if practicable, and draw them quickly, beginning at 
the front. In some cases it may be more convenient to smother the fires 
with ashes or with anything else ready to hand. If the fires are not drawn, 
leave the furnace doors open, turn on the feed, lower the dampers, shut 
down the stop-valve if the boiler be one of a series, and relieve the weight 
on the safety-valve so as to blow off the steam. Warn passers-by from the 
front of the boiler. 

Drawing the fires must be done with discretion, and ought not to be 
attempted if the furnace crowns have begun to bulge out of shape. At 
Clay Cross, near Chesterfield, on Thursday, January 14, 1869, as the at- 
tendant was in the act of drawing the fire from a furnace overheated from 
shortness of water, the crown rent, when the torrent of steam and hot 
water that ensued blew him backwards to a distance of 25 yards, rake in 
hand, and killed him on the spot. 
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Vs6 of Anti-Zncnurtation Gompositioiui. — Do not use any of these 
without the consent of the Manchester Steam Users' Association. If used, 
never introduce them in heavy charges at the manhole or safety-valve, but 
in small daily quantities along with the feed- water. 

Many furnace-crowns have been overheated and bulged out of shape 
through the use of anti-incrustation compositions, and in some cases ex- 
plosions have resulted. 

Emplfjrmg the Boiler. — Do not empty the boiler under steam pressure, 
but cool it down with the water in; then open the. blow-out tap and let 
the water pour out. To quicken the cooling the damper may be left open, 
and the steam blown ofiF through the safety-valves. Do not on any account 
dash cold water on to the hot plates. But, in cases of emergency, pour 
cold water in before the hot water is let out, and mix the two together 
80 as to cool the boiler down gradually and generally, and not suddenly 
and locally. 

If a boiler is blown off under steam pressure, the plates and brick- 
work are left hot. The hot plates harden the scale, and the hot brick- 
work hurts the boiler. Cold water dashed on to hot plates will cause 
severe straining by local contraction, sometimes sufficient to fracture 
the seams. 

Cleaxiing Oat the Boiler. — Clean out the boiler at least every two 
months, and oftener if the water be sedimentary. Remove all the scale and 
sediment as well as the flue dust and soot. Show the scale and sediment 
to the manager. Pass through the flues, and see not only that all the soot 
and flue dust have been removed, but that the plates have been well 
brushed. Also see whether the flues are damp or dry, and, if damp, find out 
the cause. Further, see that the thoroughfares in the glass water-gauges 
and in the blow-out elbow pipe, as well as the thoroughfares and the per- 
forations in the internal feed dispersion pipe and the scum pipe, are free. 
Take the feed pipe and scum troughs out of the boiler if necessary to clean 
them thoroughly. Take the taps and the feed valve to pieces, examine, 
clean, and grease them, and if necessary grind them in with a little fine 
sand. Examine the fusible plugs. Do not put any blocks under the pipes 
in the hearth pit. 

Putting blocks under the pipes in the hearth pit robs them of their spring, 
strains them, and sometimes breaks them. 

PMparation fbr Sntire Szamination. — Have the boiler cooled and 
carefully cleaned out as explained above. Show both scale and sediment 
to the inspector, as well as the old cap of the fusible plug, and tell him 
of any defects that may have manifested themselves in working, and of 
any repairs or alterations that may have been made since the last ex- 
amination. 

Unless a boiler be suitably prepared, a satisfactory entire examination 
cannot be made. Inspectors are sent at considerable expense to make 
entire examinations, and it is a great disappointment when their visits are 
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wasted from want of preparation. The Association is always happy to 
afford information to boiler attendants by means of its printed monthly 
reports^ and to help them in the discharge of their duties, and expects them 
in return to do all they can to promote a thoroughly sound inspection of the 
boilers under their charge. 

Fusible Plugs. — Keep these free from soot on the fire side, and from 
incrustation on the water side. Change the fusible metal once every year, 
at the time of preparing for the Manchester Steam Users' Association annual 
entire examination. 

If fusible plugs are allowed to become incrusted, or if the metal be worked 
too long, they become useless, and many furnace crowns have rent from 
shortness of water, even though fitted with fusible plugs. 

Oeneral Keeping of Boiler. — Polish up the brass and other bright 
work in the fittings. Sweep up the flooring plate frequently. Keep ashes 
and water out of the hearth-pit below the flooring plates. Keep the space 
on the top of the boiler free, and brush it down once or twice a week. Take 
a pleasure in keeping the boiler and the boiler-house clean and bright, and 
in preventing smoke. 

Bemarks. — Shortness of water generally arises from neglect of the boiler 
attendant, and ought not to occur. It is by no means easy to give precise 
instructions as to what should be done to put things right when shortness of 
water has occurred, so as to meet every case. Drawing the fires when the 
water is out of sight must always be a matter of more or less risk, as 
there is a difllculty in determining how far and for how long a time the 
furnace crowns have been laid bare. If it is known that the water has only 
just passed out of sight, say from the sticking fast of the blow-out tap when 
attempting to shut it, the fires may be drawn with safety. But if an empty 
gauge glass has been mistaken for a full one, and the boiler has been 
worked on in this state for some time, the case will be different. Again, 
there would be more risk in drawing the fires from a plain furnace tube, or 
from one made of ordinary plates, than from one strengthened with en- 
circling rings and made of ductile steel, or of iron equal to Lowmoor or 
Bowling. In the Manchester Steam Users' Association Museum there is a 
photograph of a pair of steel furnaces, strengthened with flanged seams, 
which have bulged down to the firebars through overheating from shortness 
of water, without rending. Also there is a pair of furnaces made of Low- 
moor iron and strengthened with flanged seams, which, though seriously 
overheated through shortness of water, have rent for a limited extent only 
in the neighbourhood of the flanged joint, the opening formed measuring 
about 7 inches in length by i inch at the widest part. On the other hand, 
there are in the museum two furnaces from different boilers, neither of 
which is strengthened with encircling hoops, nor made of ductile steel 
or of Lowmoor or Bowling iron, both of which have rent right across, 
forming an opening 1 2 inches wide in one case and 6| inches in the other. 
Thus it will be seen it is difiScult to give precise instructions to suit all cir- 

o 
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cumstances. A fire may be safely drawn in one case and not in another. 
Discretion must be exercised. 

It should be borne in mind that the rupture of a furnace crown is not 
only dangerous to the fireman, but in many cases to those outside the 
works, as the torrent of steam and hot water that ensues frequently carries 
away the furnace mountings along with any brickwork lying in its course, 
and scattering the debris like so much grape shot, severely injures, and 
sometimes kills persons on their own premises. Thus boiler attendants 
must remember that shortness of water endangers other persons' lives as 
well as their own. 

The best advice the Manchester Steam Users* Association can give to 
boiler attendants with regard to shortness of water is — ^Do not let it occur. 
Keep a sharp look-out on the water-gauge. 



Wood Fuol for steam boilers requires one-third more grate-surface, and 
two-thirds more cubical space in the furnace, than is required for coal, for 
equal generation of steam. Two cords of wood will evaporate about the 
same quantity of water as one ton of coal. A cord of dry pine-wood, 4 feet 
X 4 feet X 8 feet = 128 cubic feet, weighs 17 cwt. 

Zzpansioii of Water by Seat. — Water attains its maximum density 
at 39°* I Fahr. — or say 40° Fahr. — ^from which point, any rise or fall of 
temperature is accompanied by expansion. 



Temperature. 


Volume. 


Temperature. 




Volume. 


12® Fahr. 


I'0024 


1 10° Fahr. 


• • 


. I'OIOO 


22° ... . 


I'OOOI 


120° . 


• • 


. I -0120 


32° Freezing point . 


I '0003 


130°. 


• ■ 


1-0146 


40° .... 


I'OOOO 


140° . 


• ■ 


. I -01 77 


50** 


I '0004 


150°. 


• • 


1-0206 


62° Mean temperature 


I '0012 


160° . 


• • 


1-0240 


70° 


I -0023 


180°. 


• • 


1-0297 


80" 


1*0038 


212° Boiling point 


1*0460 


90° 


1-0053 


250°. 


• • 


1*0592 


loor 


I -0074 


300° . 


• • 


. 1*0863 



Water requires more heat to boil it, than is required to boil fresh 
water. No salt passes away with the steam. Its average boiling point is 
213-2° F. The proportion of salt held in solution is ,^ part of its weight, 
or about 4 ounces of salt per gallon of sea water. The point of saturation 
is II, when the water is full of salt, and will hold no more. Salt water 
varies in density, and in the nature of its ingredients in different seas. The 
composition of average sea water is — ^water, 966 parts : chloride of sodium 
2-6,- chloride of magnesia, '4; sulphate of soda, -37; carbonate of lime, 
•02 ; sulphate of lime, -01, The ice of sea water contains no salt. 
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HEAT, WARMING, AND VENTILATING ; MELT- 
ING, CUTTING, AND FINISHING METALS; 
ALLOYS AND CASTING ; WHEEL-CUTTING ; 
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HEAT. 
Unit of Seat. — ^The amount of heat necessary to raise the temperature 
of one pound of water at 32° one degree Fahrenheit (that is from 32° to 33°) 
is called the standard unit of heat. 

Table 45. — Specific Heat of Solid and Liquid Bodies, being the 

FRACTION OF A \JVJT OF HeAT NECESSARY TO HEAT ONE POUND OF 

THE Body one degree Fahrenheit. From the Experiments of 
Regnault and Dulong. 



Water at 32° . . I'ooo 


Marble . . . . '215 


Ether . 


• • 


■660 


Chalk 




214 


Pine wood 






•650 


Sulphur 




•202 


Alcohol 






•620 


Graphite, natural 




•201 


Oak 








•570 


Coke .... 




•2CX) 


Oil . . . 








•520 


Brickwork and masonry 




•191 


Ice . 








•504 


Glass .... 




•190 


Birch wood . 








•480 


Phosphorus 




•182 


Steam, gaseous 








> -475 


Burnt clay . 






•180 


Oil of turpentine . 








•472 


Carbonate of iron 






•180 


Beeswax . 








•450 


Cast-iron 






•129 


Petroleum 








•434 


Cast-steel 






. -118 


Nitric acid 








•426 


Wrought-iron 






■113 


Sulphuric acid 








•333 


Nickel 






•100 


Spermaceti 








•320 


Cobalt 






•106 


Steam, saturated 








• '305 


Zinc 






• '095 


Nitrate of soda 








•278 


Copper 






. -095 


Coal . 








•277 


Brass 






• *093 


Charcoal . 








•263 


Silver . 






• -057 


Carbonic oxide 








•247 


Tin . 






•056 


Nitrogen . 








•244 


Cadmium . 






•056 


Carbon 








•241 


Antimony 






. -050 


Air . 








. '237 


Mercury 






• '033 


Salt . 








•225 


Gold 






. -032 


Oxygen . 








•218 


Platinum 




» 


. -032 


Carbonic acid 








•216 


Lead 






•031 


Quicklime 




•216 


Bismuth 


• 


• '030 
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The Specific Seat of a body is its power of storing ap heat, and the 
number of units of heat necessary to heat one pound of the body i^ Fahr. 
is its specific heat, water being used as the standard of comparison. Thos, 
to heat 100 lbs. of water 80^ requires 100 x 80 = 8000 units of heat, and 
to heat the same weight of wrought-iron requires ioox8ox*ii3 = 904, 
or only about ^th of the heat necessary for the same weight of water. 

Table 46. — ^Expansion of Liquids and Gases in volume bt the 

ADDITION OF HeAT FROM 32** TO 212® F. 



1000 parts 
icxxD parts 
icxx) parts 
1000 parts 
locx) parts 
1000 parts 
1000 parts 
1000 parts 
ICXXD parts 
icxx) parts 



of mercury become 

of water become 

of salt water become . 

of oil become . 

of alcohol become 

of air become 

of hydrogen become 

of nitrogen become 

of carbonic acid become 

of sulphurous acid become 




Table 47. — Heat-conducting Power of Metals, Ac. — ^Latent Heat. 



(Wiedemann.) 



Silver 

Copper 

Gold 

Brass 

Tin 

Iron 

Steel 

Lead 



100 

73 '6 

532 
23-6 

1 1 '9 
11*6 

8-5 



Platinum . 
German Silver 
Bismuth 
Marble . 
Porcelain . 
Fire Clay 
Terra Cotta 
Water . 



8-4 

6*3 

1-8 

24 

1*2 
I'l 
I"I 

'9 



Latent Heat of Lionefaction or onils 
of Heat absorbea by one lb. of the 
substance in Melting from Solid to 
Liquid. 



Lead 

Bismuth 

Tin . 

Zinc 

Silver 

Cast-iron 



97 I 

227 I 

25-6 
50'6 * 
38-0 S 

2330 £ 



Table 48. — ^Expansion in Length of Metals, Ac, by Heat per 

degree Fahrenheit from 32°. 



Fire bricks 


•00000235 


Roman cement . 


•0000080 


Stock bricks . . 


•00000306 


Copper . . . 


•ooooioi 


Granite . 


•00000439 


Bronze and gun metal 


•0000104 


Glass . 


•00000460 


Brass . . . . 


•0000106 


Platinum 


•00000484 


Gold 


•0000108 


Antimony . . . 


■00000617 


Silver . . . . 


•0000112 


Cast-iron 


•00000650 


Tin .... 


•0000132 


Steel . 


•00000668 


White solder . . 


'0000143 


Wrought-iron . 


•00000681 


Lead 


•0000159 


Iron wire . . . 


•00000745 


Zinc . . . 


•0000173 


Bismuth . 


•00000762 


Ice, from — 1 7° to -h 30° 


•0000286 
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Table 49. — Radiation, Absorption and Reflection of Heat. 
From the Experiments of Provostage and Desains. 



Smoke-blackened surface . 

Carbonate of lead . 

Writing paper ; ivory ; jet ; marble 

Glass ..... 

China ink ; ice . 

Gum lac .... 

Silver-foil, on glass 

Cast-iron, polished brightly 

Mercury .... 

Wrought-iron, polished . 

Zinc, polished 

Platinum, polished ; also steel 

Tin ..... 

Metallic mirrors, slightly tarnished 

Brass, cast, imperfectly polished 

Brass, hammered, dead polished 

Brass, highly polished 

Brass, cast .... 

Copper, coated on iron 

Copper, varnished . 

Copper, hammered or cast . 

Gold plating .... 

Gold, deposited on polished steel 

Silver, hammered and well polished 

Silver, cast and well polished 



Radiating 

and 

Absorbing 

Power. 



Reflecting 
Power. 



ICX) 

ICX) 

98 

90 

85 
72 
27 

25 

23 

23 

19 

17 

14 

17 
II 

9 
7 
7 
7 
14 
7 
5 
3 
3 
3 



o 
o 

2 
10 

15 

28 

73 
75 

n 

77 
8i 

83 
86 

83 

89 

91 

93 

93 

83 
86 

93 
95 
97 
97 
97 



Superficial ezpannon or expansion in two directions, is twice the linear 
expansion; and cubical expansion, or expansion in three directions, is three 
times the linear expansion. 

The Quantity of Seat given in Table 50 for each material named, is 
deduced from experiments on the transmission of heat through plates of 
metal, which were heated on one side by hot water, and cooled on the other 
side by water at a low temperature. The quantity of heat in units, trans- 
mitted through one square foot of plate, per hour, may be found thus : 
subtract the temperature of the cooler side, from that of the hotter side of 
the plate, then multiply the result by the number in Table 50 corresponding 
to the material used, and divide the product by the thickness of plate. 
Thus an iron plate 2 inches thick, having a temperature of 60° on one side 

and 80° on the other, will transmit 80 — 60 = £2_5_i30 _ ^^^^ ^^.^^ ^^ 
heat, per square foot per hour. 
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Table 50. — Quantity of Hkat in Units transmitted per square foot 
PER Hour, through a Plate i inch thick, the difference of 
Temperature between the two Faces being i° F. — ^from the 
Experiments of Peclet. 





Quantity 




Quantity 


Materials. 


of Heat 


Materials. 


of Heat 




in Units. 




in Units. 


Gold .... 


625 


Gutta percha . 


1*37 


Platinum 


600 


India rubber . . 


1-36 


Silver 


595 


Brick dust, sifted 


1*33 


Copper . . . 


520 


Coke, powdered . 


1*29 


Iron .... 


230 


Iron filings 


1^26 


Zinc 


225 


Cork 


115 


Tin ... 


178 


Chalk, powdered 


•86 


Lead 


"3 


Wood charcoal, powdered 


•63 


Marble .... 


24 


Straw, chopped 


•56 


Stone 


14 


Coal, small sifted . . 


'54 


Glass .... 


6^6 


Wood ashes . 


•53 


Terra cotta . . . 


4-8 


Mahogany dust . . . 


•52 


Brickwork 


4-8 


Canvas hemp, new . 


•41 


Plaster .... 


3-8 


Calico, new . . . 


•40 


Sand .... 


2^17 


White writing pap?r 


•34 


Oak, across fibre . . . 


17 


Cotton wool & sheep's wool 


'32 


Walnut, along fibre . 


I '4 


Eiderdown 


•31 


Fir, along fibre . . . 


1*37 


Gray blotting paper . . 


•26 



HEATING ROOMS BY HOT WATER. 

A Hot Water Boiler with its flow and return pipe, resembles an 
inverted syphon ; the motive power in the circulation of hot water, is the 
difference in weight between the columns of water, ascending from the 
boiler through its top outlet, or flow pipe, and returning to the boiler 
through its bottom inlet, or return pipe. As the water in the boiler is 
heated it expands, becomes lighter and ascends to the top of the boiler in 
the direction of the flow pipe, and is replaced by colder and consequently 
heavier water from the bottom or return pipe ; this in turn gets heated, 
ascends, and is replaced by more cold water from the return pipe, and this 
circulation continues so long as the fire is kept up, the hot water continu- 
ally ascending, and the cold water descending. Mr. Hood, who is an 
authority on this subject, gives the following tables for heating rooms by 
hot water. 



HEATING BY HOT WATER. 
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Table 51. — ^Difference in Weight of two Columns of Water, each 

I foot HIGH at various TEMPERATURES ; ASSUMED ACTUAL TEMPE- 
RATURES FROM 170° TO 190** F. 



Difference in 
Temperature of 
the two Columns. 


DiAMBTBR OP THB PiPB. 


Difference in 

Weight of the 

Columns per 

Square Inch. 


X Inch. 


9 Inch. 3 Inch. 


4 Inch. 


FahrenheiL 
2° 


Grains. 

1-5 
31 
47 
6-4 
8-0 
9-6 
11-2 

12-8 

144 

I6-I 


1 
Grains. 

6-3 

12-7 
191 
25-6 
32-0 

38-5 

45'o 

51*4 

57*9 
64-5 


Grains. 

14-3 

28-8 

433 

57*9 

723 

87-0 

101-7 
1 16-3 
131-0 

1457 


Grains. 
25-4 

76-7 
102-5 
128-1 

154*1 

iSo'o 
205-9 
231-9 
258-0 


2-028 
4-068 
6-108 

8- 160 

10-200 
12*264 
14-328 
16-392 
18-456 
20-532 


4° 


6° 


8^ 


10° 


12° 


I4« 


**r ••••••••• 

16° 


18° 


20° 





Table 52. — Length of 4-inch Pipe to Heat iooo Cubic Feet of Air 
PER Minute ; Temperature of the Pipe 200° F. 



rSMPBRATURB OP 
EXTBXMAI. Ant. 



FahrenheiL 



TbMPBRATURB at which THB RoOM IS RBQUIXBD TO BB KBPT. 



45 



10° 

13° 

14° 
16° 

18° 

20° 
22° 

24° 
26° 

28° 

36° 

40 
42° 

44° 
46° 
48° 

5°: 



Feet. 
126 

119 
112 

105 
98 

91 

83 
76 

69 

61 

54 

47 
40 

32 

25 
18 

10 
3 



50^ 



FeeL 
150 
142 

135 
127 

120 

112 

105 

97 
90 

82 

75 
67 
60 

52 

45 
37 

30 
22 

15 
7 



55' 



Feet. 

174 
166 

159 
151 
143 

135 

128 

120 
112 
104 

89 

81 

73 

66 

58 

50 
42 

34 
27 

19 
II 



60* 



Feet 
200 
92 

84 
76 

68 
60 

52 

44 

36 
28 

20 

12 

04 
96 
88 
80 

72 

64 
56 
48 
40 

32 



65' 



Feet. 
229 

220 
212 

204 

95 
87 

79 
70 

62 
54 
45 
37 

29 
20 

12 

04 

95 
87 

79 
70 

62 
54 



70^ 



Feet 

259 
251 

242 

233 
225 

216 

207 

99 
90 

81 

73 
64 

55 
47 
38 

29 
21 

12 

03 

95 
86 

77 



75' 



Feet. 
292 

283 

274 
265 

256 

247 
238 

229 

220 

211 

202 

93 
84 

75 
66 

57 
48 

39 

30 
21 

12 
03 



80* 



Feet 
328 

318 

309 
300 

290 

281 

271 

262 

253 

243 

234 
225 

215 

206 

196 

187 

178 

168 

159 
150 

140 
131 



85" 



Feet 
367 
357 
347 

337 
328 

318 
308 

298 

288 

279 

269 

259 
249 

239 

230 

220 
210 
200 
190 
181 
171 
161 



90^ 



Feet. 
409 

399 

388 

378 
368 

358 

347 

337 

327 

317 

307 
296 

286 

276 

266 

255 
245 

235 

225 

214 
204 
194 



* Freezing polnL 
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To find the length in feet of iron pipe required for heating the air in 
a building. Rule : Multiply the volume of air in cubic feet, to be warmed 
per minute, by the difference in temperature in the room, and the external 
temperature, and multiply by viz for 2-inch pipes, by 75 for 3-inch pipes, 
by -56 for 4-inch pipes, and divide the product by the difference of the 
internal temperature and that of the pipes. 

Table 53. — Length of 4-inch Pipe required to warm various 

Buildings. 

(Divide the cubic contents of the room in feet, by one of the following 

divisors.) 



Descnpdon of Building. 


DivMor far 

cubic contents 

of Room. 


Temperature 
Maintained. 


Churches and large public rooms 
Schools and lecture rooms 

Dwelling rooms 

Work rooms and manufactories 
Halls, waiting rooms, and shops . 
Leather, &c., drying rooms 
Greenhouses and conservatories . 
Horticultural forcing houses 

Ditto ditto 
T^aundry drying rooms 




Feet. 
200 

170 

150 

125 

100 

40 

30 

20 

18 

8 


Fahrenheit. 

55! 
60° 

60° 

60° 

60° 

100° 

60° 

75° 
80° 

110° 

- 



3-inch pipes require to be one-third longer than 4-inch pipes, to heat the 
same number of cubic feet; and 2-inch pipes require to be double the 
length of 4-inch pipes, to heat the same number of cubic feet. 



Table 54. — Cooling of Iron Pipes. 
Temperature of room, 67° ; maximum temperature of thermometer, 152°. 



Thermometer 
Cooled. 


RUSTV SURPACB. 


Black Varnished 
Surface. 


White SuxrAcs. 


From. 


To. 


Observed 
Time. 


Calculated 
Time. 


Observed 
Time. 


Calculated 
Time. 


Obterred 
Time. 


Calculated 
Time. 


152° 
152° 
152° 
152" 

152° 


150° 
148° 
146° 

144° 
142° 

140° 


2' 30" 
5' 0" 

7' 45" 

10' 15' 

12' 45" 
15' o" 


2' 21" 

4' 40" 
/ 12" 

9' 44" 
12' 15" 

15' 0" 


2' 16" 

4' 38" 
7' 28" 

9' 45" 

12 2 

14' 32" 


2' 16" 
4' 36" 

7' 3" 
9' 27' 

"' 54" 

14' 32" 


2' 19' 

4' 53" 

/ 28" 

10' 13" 
12' 57' 
15' 22" 


2' 24' 

4' 51" 
7' 22" 

9' 57" 

12' 36' 
15' 22" 



HEATING BY HOT WATER. 
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Table 55. — Rate of Cooling by Radiation for the same body, 

AT DIFFERENT TEMPERATURES. 



Excess of 
Temperature. 


Vblocity or Cooling when thb Surrounding 
Medium is at the Undermentioned Temperatures. 


0° 


20° 


40° 


60° 


220° 
200^ 
180° 
160° 
140^ 
120° 
100° 


8-8i 
7*40 
6- 10 
4-89 
3-88 
302 
2-30 


lO'4l 
8-58 

7-04 
5-67 

4'57 
3*56 
274 


11-98 

lO'OI 
8-20 

6-6i 
532 

3-16 


11*64 

9*55 
7-68 

6-14 

484 
3-68 



Table 56. — Showing the quantity of Coal used per Hour, to heat 

100 FEET in length OF PiPE OF DIFFERENT SiZES. 



Diameter 

of Pipe 

inlncnes. 


DirFBRBNCB BETWEEN THB TEMPERATURE OF THE PiPB AND THB RoOM 

IN Dbgrbbs op Fahrenheit. 


150 
lbs. 

47 
3-8 

2*3 

I'l 


145 

lbs. 

4*5 
3*4 

2-2 

I'l 


140 

lbs. 
4*4 

3*3 

2-2 
I'l 


135 

lbs. 
4*2 

3*1 

2-1 

I'O 


130 

lbs. 
4*1 
3*o 

2-0 

ro 


125 

lbs. 

3'9 
2-9 

i'9 
•9 


120 

lbs. 

2-8 
1-8 

•9 


"5 

lbs. 

3-6 

27 

1-8 
•9 


no 

lbs. 

34 

2*5 

17 

•8 


105 

lbs. 

32 

2*4 
1-6 

•8 


100 

lbs. 
31 
2*3 

i'5 

•7 


95 

lbs. 
2*9 
2*2 

1*4 

•7 


90 
lbs. 

2-8 

2*1 

1*4 
7 


85 

IbL 

2-6 

2"0 
13 

•6 


80 

Itx. 

2-5 
1-8 

1*2 

•6 


4 

3 
2 

I 



When pipes are laid in trenches covered with grating the loss of heat 
amounts to about 10 per cent., which passes into the ground. 

Boiler Power. — For heating purposes by hot water, the saddle boiler 
gives good results. One square foot of boiler surface exposed to the direct 
action of the fire, or three square feet of flue surface, will heat 40 feet of 
4-inch pipe. 

The Quantity of Air to be Warmed per Kinnte is from 4 to 
5 cubic feet for each person, with the addition of ij cubic feet for each 
square foot of glass in habitable rooms ; for conservatories and hot-houses 
the quantity of air to be warmed is i J cubic feet per square foot of glass 
per minute ; as iron frames and sashes radiate as much heat as glass, their 
surfaces are to be measured with the glass. For wood frames deduct | from 
the gross area of surface. 

Seating Booms by Steam at 212^ F. — ^A i-horse-power boiler is 
sufficient for 5,000 cubic feet of space. To heat a room to 60° F. the 
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length of steam-pipe may be found by the following rule. To find the 
length in feet of steam-pipe : Multiply the volume of air in cubic feet, to be 
warmed per minute, by the difference of temperature in the room and the 
external temperature, and divide the product by 304 for 4-mch pipe, or by 
228 for 3-inch pipe, by 152 for 2-inch pipes, and by 76 for i-inch pipe. 

Expansion of Steam and Eot-water Pipes. — ^An expansion-joint 
should be added to long lengths of steam-pipes, to allow for their increase 
of length from expansion. The quantity of expansion can be found thus : 
Multiply the coefficient of expansion given in Table 48 by the difference in 
temperature of the outside and inside of the pipe, which result multiply by 
the length of pipe. Thus with a cast-iron steam-pipe 160 feet long, with 
the temperature of the air at 60° and the steam at 324° F., the difference of 
temperature will be 324 — 60 = 264°, and the increase in length due to 
expansion will be '0000065 rate of expansion x 264° temperature x 160 
feet X 12 inches = 3*294 inches. 



VENTILATION, &C. 

The Amount of Air reqnired for the proper ventilation of apartments 
is from 4 to 5 cubic feet of air per head per minute in winter, and from 
6 to 10 cubic feet in summer. A man makes about 17 respirations per 

minute each of 40 cubic inches, or -^ ^— ^ = 23*6 cubic feet per 

hour ; for respiration and transpiration a man requires 215 cubic feet of air 
per hour. A man generates about 290 units of heat per hour, 100 units of 
which go in the formation of vapour, and the remaining 190 units are 
dissipated by radiation to the surrounding objects and contact with cold 
air. An ordinary gas burner consumes about 5 feet of gas per hour, and 
requires for combustion 1 2 cubic feet of air per cubic foot of gas, or 60 
cubic feet per hour for each gas burner ; each cubic foot of gas burned 
emits about 690 units of heat ; each pound of candles or oil burnt requires 
160 cubic feet of air for combustion, and emits 16,000 units of heat. 

The Quantity of Air required for the proper ventilation of various 
buildings is given below : — 

Cubic feet per head per hour. 

For apartments with healthy occupants .... 300 

For apartments with sick occupants 1200 

For prisons and workhouses 350 

For churches and assembly rooms 550 

Hospitals, ordinary, and barracks 2200 

Hospitals for infectious diseases 4500 

The Space provided for each Bed in the wards of ordinary hospitals, 
should not be less than 1800 cubit feet, and in hospitals for infectious 
diseases not less than 2500 cubic feet. The space provided in dwelling houses, 
should not be less than 300 cubic feet for each person in a room, whether 
children or adults, as children require as much space as adults. 



VENTIIJ^TION. 
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▼entilation. of XinM. — ^The quantity of air required for the health 
of each person underground is loo cubic feet per minute; in addition to 
this, in fiery mines air is required in the proportion of 30 cubic feet for 
each cubic foot per minute of firedamp given off. 

Space Boqnired for Animals. — ^A pig requires 10 square feet of floor 
space; a sheep, 15 ; a bullock, 70; a cow, 100; and a horse, 120 square 
feet of floor space. The cubical space should equal 1 3 times the given 
floor space for a horse, and 10 times the given floor space for each of the 
other animals above mentioned. 

Fnmace-Tentilatioii. — ^The power obtained is measured by the differ- 
ence between the weights of air in the downcast and upcast shafts. The 
length of column in the downcast shaft, which would be equal in weight to 
the difference of the weight of air in the two shafts, is called the motive 
column. To find the motive column. — Rule: From the temperature of 
the upcast shaft, subtract the temperature of the downcast shaft, and divide 
the remainder by the product of the temperature of the upcast multiplied 
by 459 ; multiply this quotient by the depth in feet of the downcast shaft. 

To find the weight in lbs. of a cubic foot of air. — ^Divide the number 519 
by the product of 459 multiplied by the temperature, and multiply the 
quotient by '0765546. By multiplying the weight of one cubic foot of the 
air in the shaft by the cubic area of the shaft, the total weight of the air in 
the shaft is obtained. 

Weight of one onbio foot of pure Air under a pressure of one 
atmosphere. 



At o*" Fahr. = 



n 



t> 



f» 



»> 



f> 



» 



ft 



12" 
22 

62^ 
102° 
162^ 
212° 



tt 



>» 



99 



» 



» 



if 



ft 



lbs. 
•0866 

•0845 

•0826 

•0808 

•0762 

•0709 

'O64O 

•0592 



At 300° Fahr. = 



» 



tt 






400" 
500° 
800° 

1200° 
zocxP 
2500° 
3000° 



tf 



tf 



» 



>f 



ft 



tf 



ft 



lbs. 

•0525 
•0465 

•0415 

•0318 

'O242 

•0165 

•0136 

'OII6 



Atmospherio Air is inoreased in Tolnme by elevation of temperature, 
as follows. 



At 32° Fahr., volume = 



» 



ft 



>i 



if 



if 



ft 



>9 



ft 



»> 



42" 

50° 
60° 

70° 

80° 

90° 

100° 

120° 

150° 



tf 



if 



fi 



a 



ft 



ft 



>i 



i> 



tf 



» 



f> 



II 



fi 



ft 



if 



11 



f> 



II 



I'OOO 

= I'02I 

= 1-040 

= I -060 

= I -080 

= I'lOO 

= I'I20 

= 1*140 

= ri8o 

= I'2A2 



At 



ft 



ft 



ft 



ft 



ft 



t9 



tt 



ft 



l> 



180° 

212° 

300° 

400° 

500° 

800° 

1200° 

1600° 

2000° 

3000° 



Fahr., volume = 



II 



fi 



fi 



II 



» 



II 



ft 



II 



II 



II 



II 



a 



ft 



fi 



ft 



tf 



II 



II 



1-310 
1-370 

1-550 

1-756 
1-960 
2-570 

3-386 
4-200 
5-020 
7-058 
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WIND PRESSURE ON RAILWAY STRUCTURES. 

The following is an extract from the report of the committee appointed 
to consider the question of wind pressure on railway structures in 1881 : — 

In the case of high winds, with which alone we have to deal, it was found 
that the greatest pressure recorded in an hour was tolerably well propor- 
tional to the square of the mean velocity during the hour, and that the 

V* 
empirical-formula = P, where V = maximum run in miles of the wind 

^ 100 

in any one hour and P = maximum pressure in pounds on the square foot 
at any time during the storm to which V refers, represented very fairly the 
greatest pressure as deduced from the mean velocity for an hour. We 
have accordingly given a table calculated from the above formula for 
deducing maximum pressures from observed velocities. 





Table 57.-— 


Wind Velocities and 


1 Pressures. 


Maximum 


Mazunum 


Maximum 


Maximum 


Maximum 


Maxinram 


hourly run 
of the wind 


pressure in 
lbs. on the 


hourly run 
of the wind 


pressure in 
lbs. on the 


hourly nm 
of the wind 


pessDiein 
lbs. on the 


in miles. 


sq. foot. 


in miles. 


sq. foot 


in miles. 


sq. foot. 


40 


i6-o 


61 


37-2 


81 


65-6 


41 


i6-8 


62 


38-4 


82 


67*2 


42 


1 7*6 


63 


397 


83 


68-9 


43 


18-5 


64- 


41*0 


84 


70*6 


44 


19-4 


^1 


42'2 


85 


72*2 


45 


20'2 


66 


43*6 


86 


74-0 


46 


21*2 


67 


44*9 


87 


757 


47 


22*1 


68 


46*2 


88 


77*4 


48 


23-0 


69 


47-6 


89 


79-2 


49 


24*0 


70 


49-0 


90 


8i-o 


50 


25*0 


71 


50-4 


91 


82-8 


51 


26*0 


7» 


51-8 


92 


84-6 


52 


27*0 


73 


53*3 


93 


86-5 


53 


28-1 


74 


54-8 


94 


88'4 


54 


29*2 


7| 


56-2 


95 


90'3 


55 


302 


76 


57-8 


96 


92*2 


56 


3i"4 


77 


59'3 


97 


94-1 


57 


325 


78 


6o'8 


98 


96*0 


58 


33'6 


7.9 


62*4 


99 


98-0 


59 


34-8 


80 


64*0 


100 


lOO'O 


60 


36-0 











From the consideration we have given to the subject, we are of opinion 
that the following rules will suflSciently meet the cases referred to us : — 
(i) That for railway bridges and viaducts a maximum wind pressure of 

56 lbs. per square foot should be assumed for the purpose of 

calculation. 
(2) That where the bridge or viaduct is formed of close girders, and the 

tops of such girders are as high or higher than the top of a train 

passing over the bridge, the total wind pressure upon such brid^ 
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or viaduct should be ascertained by applying the full pressure of 
56 lbs. per square ioot to the entire vertical surface of one main 
girder only. But if the top of a train passing over the bridge is 
higher than the tops of the main girders, the total wind pressure 
upon such bridge or viaduct should be ascertained by applying 
the full pressure of 56 lbs. per square foot to the entire vertical 
surface from the bottom of the main girders to the top of the train 
passing over the bridge. 

(3) That where the bridge or viaduct is of the lattice form or of open 

construction, the wind pressure upon the outer or windward girder 
should be ascertained by applying the full pressure of 56 lbs. per 
square foot, as if the girder were a close girder, from the level of 
the rails to the top of a train passing over such bridge or viaduct, 
and by appl3dng in addition the full pressure of 56 lbs. per square 
foot to the ascertained vertical area of surface of the ironwork of 
the same girder situated below the level of the rails or above the 
top of a train passing over such bridge or viaduct. The wind 
pressure upon the inner or leeward girder or girders should be 
ascertained by applying a pressure per square foot to the ascer- 
tained vertical area of surface of the ironwork of one girder only 
situated below the level of the rails or above the top of a train 
passing over the said bridge or viaduct, to this scale, viz. : — 
(a) If the surface area of the open spaces does not exceed two- 
thirds of the whole area included within the outline of the 
girder, the pressure should be taken at 281bs. per sq. foot. 
{£) If die surface area of the open spaces lie between two-thirds 
and three-fourths of the whole area included within the 
outline of the girder, the pressure should be taken at 
42lbs. per square foot. 
(c) If the surface area of the open spaces be greater than three- 
fourths of the whole area included within the outline of 
the girder, the pressure should be taken at the full 
pressure of 561bs. per square foot. 

(4) That the pressure upon arches and Uie piers of bridges and viaducts 

should be ascertained as nearly as possible by the above rules. 

(5) That in order to ensure a proper margin of safety for bridges and 

viaducts in respect of the strains caused by wind pressure, they 
should be made of sufficient strength to withstand a strain of four 
times the amount due to the pressure calculated by the foregoing 
rules. And that, for cases where the tendency of the wind to 
overturn structures is counteracted by gravity alone, a factor of 
safety of 2 will be sufficient. 
The Pressure of Wind on Boofii of buildings seldom exceeds 4olbs. 

per square foot in this country, except in great storms, when it may be 5olbs. 

per square foot. In countries subject to hurricanes the wind pressure 

is sometimes from 60 to 7olbs. per square foot. 
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Pressnrep Power and DiBcharge of Gas. — ^The total heat of coal gas 
is 690 units per cubic foot, its evaporative power is i lb. of water from 62^ 
per cubic foot of gas. The pressure of gas is measured in inches of 
water ; the pressure at the gas works is from 2 to 2| inches of water, or a 
pressure of under 2 oz. per square inch. Gas weighs about 240 grains per 
cubic foot, or less than half the weight of air, which weighs about 560 grains 
per cubic foot. Gas has an ascending power equal to one inch of 
water for every 100 feet in height ; it increases ^ inch in pressure for 
every rise of 10 feet in height and decreases at the same rate in pressure 
for a descent. Each gas-burner consumes 5 cubic feet per hour, and the 
quantity of gas that can be supplied by various sizes of pipes at various 
distances from the supply pipe is given in the following table, which is 
useful for fixing gas stoves, &c. 

Table 58. — ^Number of Cubic Feet of Gas discharged per Hour bt 



Pipes 


} OF VARIOUS Sizes and Lengths at a Prf»ssi7RE of ^. 




Lcnffth from 
theSupply 










Internal Diamxter. 




























Pipe. 


A In. 


«In. 


A In. 


iln. 


gin. 
228 


lln. 
360 


zin. 
738 


ziln. 


ziln. 


zfln. 


3 In. 


10 feet. 


40 


63 


^^ 


130 


I29I 


2037 


2995 


4185 


20 „ 


28 


45 


66 


92 


161 


254 


522 


913 


1440 


2I18 


2952 


30 » 


23 


37 


54 


75 


131 


208 


426 


745 


II76 


1729 


2415 


40 „ 


20 


3?. 


46 


68 


114 


180 


369 


645 


IO18 


1497 


2090 


50 ff 


18 


28 


41 


5« 


102 


160 


330 


577 


Oil 


1339 


1871 


60 „ 


16 


26 


3« 


53 


93 


147 


302 


527 


832 


1223 


1707 


70 „ 


15 


24 


35 


49 


86 


136 


279 


488 


768 


II32 


1583 


80 „ 


14 


22 


33 


46 


80 


127 


261 


456 


720 


1059 


1478 


90 » 


13 


21 


31 


43 


76 


120 


246 


430 


679 


998 


1396 


100 „ 


12 


20 


29 


41 


72 


114 


233 


408 


644 


947 


1322 


125 » 


II 


18 


26 


37 


64 


lOI 


209 


365 


576 


847 


1 184 


150 » 


10 


16 


24 


33 


5« 


85 


190 


334 


528 


773 


1080 


175 n 


9 


15 


22 


31 


54 


86 


176 


308 


487 


716 


lOCX) 


200 „ 


9 


14 


20 


29 


51 


80 


165 


288 


455 


669 


935 


225 „ 


... 


13 


19 


27 


48 


76 


156 


274 


430 


630 


880 


250 „ 


. • . 


12 


18 


26 


46 


72 


147 


258 


407 


599 


836 


300 » 


• • • 


• • • 


17 


24 


41 


65 


137 


236 


376 


547 


7IS4 



Lifting Power of Gas. — About 30 cubic feet of coal gas, or about 13^ 
cubic feet of hydrogen gas, will lift i lb. weight. 

Cupola. — One lb. of carbon burning to carbonic acid develops 12,906 

units of heat, and the quantity of coke required to melt cast iron may be 

found thus: — 2190, melting point, — 50, temperature of the iron, x '13 

specific heat, = 278*2 units of heat to raise i lb. of metal to the melting 

point, and 278*2 + 233, latent heat of liquefaction of cast iron, = 511*2, 

total amount of heat required to melt i lb. Therefore, one ton of cast 

•It .^^„:-^ 2240 X 511*2, total heat per lb. 

iron will require - ^> ^- '- ^ ^ , : z — = 

12906 X '82 percent, of carbon in the coke 

io8'2 lbs. of coke, or nearly x cwt. of coke per ton of metal melted. 



CUTTING METALS. 
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CUTTING METALS. 

The most adtrantageoiui speed in lineal feet per minute, for planing, 
shaping, slotting, and turning metals, is, for copper 120 feet, brass 50 feet, 
wrought-iron 20 feet, cast-iron 18 feet, steel 12 feet. By dividing these 
numbers by the circumference in feet of the work to be turned, the number 
of revolutions of the lathe-spindle is obtained. For boring work in a lathe, 
the speed is limited by the overhanging of the tool, to from 6 to 10 feet per 
minute ; for screwing bolts and tapping nuts the surface-speed is from 
4 to 8 feet per minute. The speed of cutters for wheel-cutting and 
milling machines should not exceed 18 feet per minute at the largest cutting 
diameter. 



Table 59. — Cutting Speeds for Lathe Work. 



Diameter 


Wrought Ikon. 


Cast Iron. 


Stbeu. 


Brass. 


Copper. 












of the Work 


Number of 


Number of 


Number of 


Number of 


Number of 


in Indies. 


Revolutions per 
Minute of tne 


Revolutions per 
Minute of tne 


Revolutions per 
Minute of the 


Revolutions per 
Minute of the 


Revolutions per 




Minute of the 




Lathe Spindle. 


Lathe Spindle. 


Lathe Spindle. 


Lathe Spindle. 


Lathe Spindle. 


I 


76 


68 


45 


190 


456 




50 


45 


30 


127 


300 


2 


38 


34 


22 


95 


228 


2^ 


30 


27 


18 


l^ 


180 


3^ 


25 


22 


15 


63 


150 


3i 


22 


19 


13 


55 


132 


4 


»9 


17 


II 


47 


114 


5 


15 


13 


9^ 


38 


90 


6 


12 


II 


7-6 


30 


72 


7 


10 


9 


6-5 


25 


60 


8 


9 


8-6 


57 


23 


54 


10 


77 


6-8 


4-58 


19 


46 


12 


6-3 


57 


3-83 


16 


37 


15 


5-0 


4-5 


3'05 






18 


424 


3'8 


2*54 






21 


363 


3'27 


2'l8 






24 


3-18 


2-85 


i'9i 






30 


2-54 


229 


1-52 






36 


2'12 


1-91 


1*27 






42 


i-8i 


1-66 


I'lO 






48 


159 


1-44 


•06 






54 


1-41 


1*27 


•85 






60 


f27 


ri4 


76 






72 


i"o6 


•95 


•63 






84 


•90 


•82 


•54 






96 


•79 


71 


•47 






108 


70 


•63 


•44 
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The feed or advance of tool suitable for the speeds given in the table 
of cutting speeds for lathe work, is given in the following table for roughing 
cuts. The finishing cut should be as light as possible, with a broad advance 
or feed of cut. 

Table 60. — ^Feed or Advance of Cut for Roughing Cuts in 

Lathe Work. 



Diameter of Woric, 
in Inches. 


Advance or Travel of the Tool to one Revolution 
OP THE Lathe Spindle. 


Wrought-Iron. 


Cast-iron. 


Steel. 


Brass. 


Copper. 


Under ij inches . 

ljt02 

2? to 2j „ 

3 to si 

6 to 12 „ 

13 and upwards . 


Inch. 

1 

ar 

1 
si 

1 

1« 


Inch. 

1 

9 4 

1 

9 

iV 

1 

V 

1 

T 


Inch. 

40 

1 

asi 
1 

it* 

1 
16 


Inch. 

1 

3 4 

1 
114 

tV 

1 

84 


Inch. 

1 
TT 

1 

«4 

1 
S4 

1 
44 

I 
914 

1 
S4 



As each revolution of the lathe moves the tool forward the portion of an 
inch given in this table, a 3-inch shaft making 25 revolutions per minute 

would be turned with a rough cut at the rate of -^ — 3 = i A inch 

16 advance *** 

in length per minute. 

The feed or advance of the tool of a planing machine should be 14 or 
12 cuts per inch for roughing cuts, and the finishing cuts should be done 
with a broad tool having an advance for each cut of from J to | inch. 

Speed of circular saws for cutting metal, for brass 350 lineal feet per 
minute, for cast-iron 190 feet per minute, for wrought-iron 150 lineal feet 
per minute. 

The speed per square foot of snrfitce at which metals can be 
ontf depends greatly upon the efficiency and rigidity of the machine tools, 
as well as upon the softness and quality of the metal ; some iron is very 
scaly and dirty, and soon blunts the tool. In the following table is given 
the time required to finish work, including one roughing cut and one 
finishing cut, the average of a great quantity of work done by ordinary good 
tools : the finishing cut being light with a broad advance. 

Ijathe Centres. — ^The usual angle for lathe centres is 60° ; but for 
heavy work a more durable angle is 75°. For hea\7 work the centre should 
have a small hole bored up its centre, and another hole drilled at right 
angles to meet it, by which means the bearing surfaces can be properly 
oiled without stopping the lathe. 

Cutting Angle of Lathe Tools. — ^The cutting angle best adapted 
for turning tools for soft wood is 30°, for hard wood 40°, for wrought-iron 
and steel 60°, for cast-iron 70°, for brass 80°, for very hard metals 84°, for gun 
metal 85^ for hard brass and hard gun metal 90^, and for chilled rolls 90^. 

The angle of clearance of these tools is 3^. 



QUANTITY OF WORK TURNED OUT BY TOOLS. 
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SPEED FOR WOOD-WORKING MACHINERY, &o, 
Table 62. — Speed for Circular Saws. 



Diameter 
of Saw. 


Number of 
Revolutions 
per Minute. 


Diameter 
of Saw. 


Number of 
Revolutions 
per Minute. 


Diameter 
of Saw. 


Number of 
Revolutions 
per Minute. 


Diameter 
of Saw. 


Number of 
Revolutions 
per Minute. 


Inches. 
10 
12 

14 
16 

18 

20 

22 


3500 
3000 

2500 

2200 

2000 

1800 

1600 


Inches. 
24 

26 

28 

30 
32 

36 


1500 
1300 
1200 
II50 
IIOO 
1050 
1000 


Inches. 

38 
40 

42 

44 
48 

50 
52 


920 
870 
830 
800 
700 
670 
640 


Inches. 

56 
58 
60 
62 

64 

66 


600 
580 
560 
540 
520 

SOO 

480 



Table 63. — Speed and Horse-Power required to drive Wood-working 

Machinery. 



Description fd Machinery. 



i> 



*f 



ft 



>» 



ft 



tf 



tf 



Circular saw bench. Size of saw, 14 in. diameter 

Ditto ditto 24 

Ditto ditto 30 

Ditto ditto 36 

Ditto ditto 42 

Ditto ditto 48 

Band saws. Diameter of saw pulleys, 24 inches . 

Ditto ditto 30 

Ditto .ditto 36 

Ditto ditto 42 

Vertical timber frame to saw 12 in. logs. Speed of 

crank shaft 
Ditto ditto 18 ditto 

Ditto ditto 24 ditto 

Ditto ditto 30 ditto 

Double deal frame for deals 1 1 x 3 in. 
Ditto ditto 14x4 „ 

Ditto ditto 18x4 „ 

Single deal frame for deals 11x3 „ 
Ditto ditto 14x4 „ 

General joiner 

Boring, chamfering, and shaping machine. Speed 
Planing and moulding machine .... 
Rate of feed for planing and moulding machine, 

20 to JO feet per minute. 
Angle of plane and moulding irons, 25° for soft 

wood ; 35° for hard wood. 
Breaking strsun of band saws= 176 lbs. for each 
•^ inch width of blade. 



tf 



tf 



tf 



ft 



ft 



ft 



tt 



ft 



Number of 
Revolutions 
per Minute. 



2500 

1500 

1 150 

1000 

830 

700 

500 

450 

400 

350 

180 
160 
140 
130 
400 

350 
300 

400 

350 
1500 

4000 

5000 



Horse Power 

required 

to drive it. 



I 

2 

3 

4 

5 
6 



1 
2 

f 



i^ 



3 

4 

5 

7 

4 

5 

7 
2 



3 
3 



1 
2 
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Table 64. — Speed of Grindstones for Grinding Tools, &c. 
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Diameter of the grindstone, in 




























inches .... 


24 


30 


36 


42 


48 


54 


60 


66 


72 


78 


84 


90 


96 


Number of revolutions of the 




























stone per minute . . . 


130 


106 


88 


75 


66 


58 


52 


48 


44 


40 


37 


35 


33 



SPEED AND PROPORTIONS OF FANS. 

Speed of fan for smithy fires 185, and for a cupola 270 feet per second 
of circumference. 

Fan blades = J diameter of fan each way. 

Inlet = I diameter of fan. 

Outlet = area of blades. 

Length of neck of spindle = 4J times the diameter of the spindle. 

To find the horse-power required for a fan. — Rule : Divide the square of 
the velocity of the tips of fan in feet per second by 1000, and multiply the 
result by the density of the blast in ounces per inch, which product multi- 
ply by the area of discharge at the tuyeres in square inches, and divide the 
result by 963. 

To find the density of fan blast in ounces per inch. — Rule : Divide the 
velocity in feet per second of the circumference by 4, square the result, and 
next divide by die product of the diameter of fan in feet by 120. 



WHEEL CUTTING. 

The Dividing Wlieel on the mandrel of a wheel-cutting machine, is a 
worm-wheel, having usually 180 teeth; the change-wheel on the end of 
the worm-shaft is called the tangent-wheel, which is geared with an inter- 
mediate wheel or wheels, to the wheel on the end of the division-plate shaft. 
When convenient, the tangent-wheel should have the same number of teeth as 
that of the wheel to be cut, and the wheel on the division-plate shaft should 
have half the number of that of the dividing wheel, then two turns of the 
handle if the worm has a single thread, and one turn if it has a double 
thread, will give the required number of teeth to be cut. When this 
arrangement is not convenient, the change wheels may be found thus. 
Find the ratio between the number of teeth in the wheel to be cut, and 
that of the dividing wheel, which may be divided by any suitable number, 
when the numerator will represent the driver or division-plate wheel, and 
the denominator the driven or tangent-wheel. Thus, to cut a wheel with 

^ ,, 180 dividing wheel -r 2 on *i,^ u 1 • j -^u 

90 teeth ^r — rf—yTz — r": =It ^"C wheels required, with one turn 

90 wneci to De cui "<r 2 

of the handle if a single-thread worm, or with half a turn if the worm has 

a double-thread. 
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Table 65. — ^Table of Change Wheels for a Wheel-Cutting 
Machine having a Dividing Wheel with 180 teeth. 



Number 


Number 


Wheel 


Tangent 


Namber 


Number 


Wheel 


Tangent 


Number. Number Wheel 


Tangent 


of 


of 


on 


Wheel 


of 


of 


on 


Wheel 


of 


of 


on 


Wheel 


Teeth 


Turns 


Division 


on 


Teeth 


Turns 


Division 


on 


Teeth 


Turns 


Division 


on 


to be 


of the 


Plate 


Worm 


to be 


of the 


Plate 


Worm 


to be 


of the 


PUte 


Worm 


Cut. 


Handle. 


Shaft. 


Shaft. 


Cut. 


Handle. 


Shalt 


Shaft. 


Cut. 


Handle. 


Shaft 


ShafL 


10 


4 


90 


20 


53 


2 


90 


53 


96 


I 


90 


48 


II 


4 


90 


22 


54 


2 


90 


54 


H 


2 


90 


97 


12 


4 


75 


20 


55 


2 


90 


55 


98 


I 


90 


49 


13 


4 


90 


26 


56 


2 


90 


56 


99 


2 


90 


99 


14 


4 


90 


28 


57 


2 


90 


57 


100 


I 


90 


50 


15 


4 


60 


20 


58 


2 


90 


58 


lOI 


2 


90 


lOI 


16 


4 


90 


32 


|9 


2 


90 


59 


102 


I 


60 


34 


17 


4 


90 


34 


60 


2 


90 


60 


103 


2 


90 


103 


18 


4 


50 


20 


61 


2 


90 


61 


104 


I 


45 


46 


19 


4 


90 


38 


62 


2 


90 


62 


105 


I 


60 


35 


20 


4 


45 


20 


63 


2 


90 


^3 


106 


I 


90 


53 


21 


4 


90 


42 


64 


2 


90 


64 


107 


2 


90 


107 


22 


4 


90 


44 


65 


2 


90 


65 


108 


I 


60 


36 


23 


4 


90 


46 


66 


2 


90 


66 


109 


2 


90 


109 


24 


4 


30 


16 


67 


2 


90 


67 


no 


I 


90 


55 


25 


4 


45 


25 


68 


2 


90 


68 


III 


I 


60 


37 


26 


4 


90 


52 


69 


2 


90 


69 


112 


I 


90 


56 


27 


4 


40 


24 


70 


2 


90 


70 


"3 


2 


90 


"3 


28 


4 


45 


28 


71 


2 


90 


71 


114 


I 


90 


57 


29 


4 


90 


58 


72 


2 


90 


72 


"5 


2 


90 


"5 


30 


4 


60 


40 


73 


2 


90 


73 


116 


I 


90 


58 


3^ 


4 


90 


62 


74 


2 


90 


74 


117 


I 


60 


39 


32 


4 


90 


64 ; 


75 


2 


90 


75 


118 


I 


90 


59 


33 


2 


90 


33 


76 


2 


90 


76 


119 


2 


90 


119 


34 


2 


90 


34 


77 


2 


90 


77 


120 


I 


90 


60 


35 


2 


90 


35 


78 


2 


90 


78 


121 


2 


90 


121 


36 


2 


90 


36 


l^ 


2 


90 


l^ 


122 


I 


90 


61 


H 


2 


90 


37 ' 


80 


2 


90 


80 


123 


I 


120 


82 


38 


2 


90 


38 


81 


2 


90 


81 


124 


I 


45 


31 


39 


2 


90 


39 


82 


2 


90 


82 


125 


I 


72 


50 


40 


2 


90 


40 


^3 


2 


90 


l^ 


126 


I 


60 


42 


41 


2 


90 


41 


84 


2 


90 


84 


127 


2 


90 


127 


42 


2 


90 


42 


85 


2 


90 


85 


128 


I 


45 


3» 


43 


2 


90 


43 


86 


2 


90 


86 


129 


I 


60 


43 


44 


2 


90 


44 


87 


2 


90 


87 


130 


I 


90 


65 


45 


2 


90 


45 


88 


2 


90 


88 


131 


2 


90 


131 


46 


2 


90 


46 


89 


2 


90 


89 


132 


I 


45 


33 


47 


2 


90 


47 


90 


I 


90 


45 


133 


2 


90 


133 


48 


2 


90 


48 


91 


2 


90 


91 


134 


I 


90 


67 


49 


2 


90 


49 


92 


2 


90 


92 


135 


I 


60 


45 


50 


2 


90 


50 


93 


2 


90 


93 


136 


I 


45 


34 


51 


2 


90 


51 


94 


I 


90 


47 


137 


2 


90 


137 


52 


2 


90 


52 


95 


I 


72 


38 


138 

i 


I 


60 


46 
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Table 65 continued. 


— Table of 


Change Wheels. 






Clumber Number 


Wheel 


Tangent 


NttmSer 


Number 


Wheel 


ii 

Tangent Xumber 


Number 


Wheel 


Tangent 


of 


of 


on 


Wheel 


of 


of 


on^ 


Wheel ' of 


of 


on 


Wheel 


Teeth 


Turns 


Division 


on 


TeetA 


Turns 


Division 


on 


Teeth 


Turns 


Division 


on 


to be 


of the 


Plate 


Worm 


to be 


of the 


Plate 


Worm 


to be 


of the 


Plate 


Worm 


Cut. 


Handle. 


Shaft. 


Shaft 


Cut. 


Handle. 


Shaft. 


Shaft. 


CuL 


Handle. 


Shaft. 


Shaft. 


139 


2 


90 


139 


164 




45 


41 


189 




60 


63 


140 




45 


35 


165 




60 


55 


190 




90 


95 


141 




90 


141 


166 




90 


83 


191 




90 


191 


142 




90 


71 


167 




90 


167 


192 




30 


32 


143 




90 


143 1 


168 




45 


42 


193 


2 


90 


193 


144 




45 


3^ 


169 




90 


169 


194 




90 


97 


M5 




72 


58 


170 




90 


85 


195 




60 


65 


146 




V 


73 


171 




60 


57 


196 




90 


98 


147 




60 


49 


172 




45 


43 


197 




90 


197 


148 




45 


37 


173 




f 


173 


198 




90 


99 


149 




90 


149 


174 




60 


58 


199 




90 


199 


150 




60 


50 


175 




36 


35 


200 




45 


50 


151 




90 


151 


176 




90 


88 


201 




60 


67 


152 




45 


38 


177 




60 


59 


202 




90 


101 


153 




60 


51 


178 




90 


89 


204 




60 


68 


154 




90 


n 


179 




90 


179 


205 




36 


41 


155 




36 


31 


180 




90 


T 


206 




90 


103 


156 




45 


39 


181 




90 


181 


207 




60 


69 


157 


2 


90 


157 


182 




90 


91 


210 




60 


70 


158 




90 


79 


183 




60 


61 


212 




45 


53 


159 




60 


53 


184 




45 


46 


213 




60 


71 


160 




90 


80 


185 




36 


37 


214 




90 


107 


161 


2 


90 


161 


186 




90 


93 


215 




36 


43 


162 


I 


90 


81 


187 


2 


90 


187 


218 




90 


109 


163 


2 


90 


163 


188 


I 


45 


47 


220 




36 


44 



Rule to prove the correctness of change wheels for the above wheel- 
cutting machine : — 

Divide the number of teeth in the wheel on the division-plate shaft, by 
the number of teeth in the wheel on the worm-shaft ; multiply the quotient 
by the number of turns of the handle, and the product will be equal to the 
quotient of the number of teeth in the dividing wheel divided by the number 
of teeth in the wheel to be cut. 



SCREW-CUTTING. 

▲ 8i]ic^6Tiraiii of change wheels for screw-cutting consists of 3 wheels >^ 
\iz., I wheel on the lathe-spindle, called the driver ; i wheel on the lathe's 
leading screw called the driven wheel, and one intermediate wheel to 
connect these two wheels, called the stud-wlieel. In a double train, 
4 wheels are used : a stud-pinion gearing into the leading screw-wheel, 
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being keyed on the same socket as the stud-wheel. Tlie wheel on the 
lathe-spindle is the first driver, the stud-pinion is the second driver, the stud- 
wheel is the first driven wheel, and the leading screw- wheel is the second 
driven wheel. 

The STiuiiber of Taetli in the change-wheels must have the same 
proportion as the number of threads per inch of the leading screw has 
to the number of threads per inch of the screw to be cut. Thus, to cut a 
screw of 8 threads per inch with a leading screw of 2 threads, wheels are 
required in the ratio of 4 to i ; say a wheel with 20 teeth on the lathe 
spindle, and a wheel with 80 teeth on the leading screw, connected with 
an intermediate wheel. When the number of threads to be cut does not 
exceed 1 2 per inch, a single train of wheels can be used. To cut a screw 
of a finer pitch than the leading screw, the following rules will give the 
required wheels := — 

Rule I. Place the number of threads per inch of the leading screw for 

a numerator, and the number of threads per inch of the screw to be cut for a 

denominator, then add a cipher to each, which will give the required change 

wheels. Thus, to cut a screw of 8 threads per inch, with a leading screw 

^ ^, , . , 2 threads in leading screw , ,. . , 

of 2 threads per mch: — jr— i t—- ^-r -:addmg a cipher = 

*^ 8 threads m screw to be cut '^ 

20 driver 

80 driven* 

The wheel representing the numerator is placed on the lathe-spindle, and 
the wheel representing the denominator on the leading screw. 

Rule 2. AVhen the number of threads to be cut is uneven : say 

2 J threads per inch, multiply the whole number by the denominator of the 

fraction ; and multiply also the number of tlireads per inch of the leading 

, ^, I.. ». 2 threads per inch in leading screw x 4 
screw by the same multiplier: -,r— j- — - — *- — : — =— , s__r- ^ ^ ■ 

" 2^ threads per mch m screw to be cut x 4 

B A jj • u 80 driver 

= tV- Add a cipher = ■^. — • 

^ ^ '^ 1 10 driven 

When the numbers of teeth of wheels as /ound by this rule are too large, 
they may be reduced by dividing them by any suitable common divisor ; 
and, if too small, they may be increased by multiplying them by any 
suitable common multiplier. 

Wlien a double train, or 4 change-wheels, are used, fen upon any 

3 wheels for the lathe-spindle and stud-wheels, and the fourth or leading 
screw wheel may be found by the following rule. 

Rule 3. Multiply the number of teeth in the wheel on the lathe- 
spindle by the ratio of the screw to be cut and the leading screw ; and 
by the number of teeth in the second driver or stud-pinion ; and divide 
the product by the number of teeth in the first driven wheel. Thus, 
to cut a screw of 16 threads per inch with a leading screw of 2 per inch, 
the ratio is 8 to i. Lathc-spindle wheel 20 teeth, stud-pinion or second 
driver 50 teeth, stud-wheel or first driven wheel 80 teeth ; required the 



I 

I 

■ 

I 
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number of teeth in the leading-screw wheel. ^Q ^ ^ ^ 5Q — iqo teeth. 

The above arrangement will cut a right-hand thread. 

To out a left-hand thready place another wheel between a driver and 
a driven wheel to reverse the motion of the saddle. 

Rule 4. The wheels may also be found by assuming a pair of wheels in 
conjunction with Rule i, say \%%, and by dividing one of the drivers and 
one of the driven wheels by any suitable number. Thus, to take the screws 

in the last example -r\, add a cypher, —7 — ^ .^^ . Assume a pair of wheels, 

•^'^ 160 driven '^ 

100 driver 

T-: f then by dividing the first driven wheel and the second driver by 

100 driven a - 

two, the required wheels are : ■= — ^ — J]^ 
^ 80 100 driven 

jRuie 5. To prove the correctness of the change-wheels when the screw 
to be cut is of finer pitch than the leading screw, multiply the driving 
wheels together, and multiply the driven wheels together ; and divide the 
greater product by the less. The quotient multiplied by the number of 
threads per inch of the leading screw, will give the number of threads per inch 

of the screw to be cut. To prove the wheels in the last example, ^'^ = 
8 X 2 = 16 threads per inch in the screw to be cut. 

To Cut Coarae-Fitch Screws. — ^To find the change-wheels to cut a 
screw of coarser pitch than the leading screw, it is necessary to assume as 
many pairs of wheels as will sufficiently reduce the size of the first driver, the 
ratio of the wheels being the numerator (instead of the denominator as used 
for pitches finer than the leading screw in the above rules) in coarse pitches. 
Rule, multiply the pitch in inches of the screw to be cut, by the number of 
threads per inch of the leading screw, which will give the number of threads 
of the leading screw, in a length equal to the pitch to be cut, and 
therefore the ratio of the wheels required to cut the pitch. Thus, to cut a 
screw of 20-inch pitch with a leading screw of 2 threads per inch, 20 X 2 
= ♦^ the ratio required, the denominator must be increased by multiplying 
it by some suitable number to obtain a wheel of proper size, and the nume- 
rator must be increased in the same proportion, say 20, then, ^^A?? = 

-^ — T-: . If two pairs of wheels are assumed, it will stand thus : 

20 first driven *^ 

800 first driver , 100 second driver, 1 00 third driver . ^^ ^^^^^^ ^^^ ^^^ ^^ 

20 first driven, 100 second driven, 100 third driven ' 
the first driver, divide the first driver and second driven by four, which 
will give wheels ^%^, Vr, i-SSi and to still further reduce the size of the 
first driver, divide the first driver and last driven by four, which will give 

5_ -._ — the wheels required. 

20 25 25 dnven ^ 

Rule, to prove the correctness of the change-wheels for coarse-pitch 

screws, the screw to be cut being coarser in pitch than the leading screw. 

Multiply the driving wheels together, then multiply the driven wheels 

together, and multiply the product of the driven wheels by the number of 
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threads per inch of the screw, with which product divide the product of 

the driving wheels. Thus, to prove the wheels in the last example : — 
so ^^00=^00 = 500000 ^ 3^ j^^j^^g j^^^^ 

20 X 25 X 25 X 2 25CXX> '^ 

To Cut French Millimetre Fitches of Screws. — One millimetre 
pitch is the y^Vrr P^^^ of a metre. One metre is approximately 39I inches, 
and a leading screw of J-inch pitch, or two threads per inch, has 39! X 2= 
7875 threads in one metre of its length; hence the proportion is-^'^-^t 

which, if reduced by, say, multiplying by '8, gives 78*75 x -S ^ ^^^^ ^^^ ^^ 

1000 X *o 

numerator 63 is a constant number, by which the number of millimetres, 
in the pitch of the screw to be cut, is to be multiplied. 

Example : — ^To find the change wheels to cut a pitch of 8 millimetres, 
with the above leading screw : 8 x 63 = 504, then ^%^ resolved into frac- 
tions becomes ^ — and by adding a cypher to the number 8 and another 

oo X 10 

to the number 10, the required wheels to cut 8 millimetres pitch, are 

63 X 8q drivers 
100 X 80 driven * 

To find the angle to be given to 
a tool in order to cut a square-thread 
screw without injury to the sides of the 
threads. In Fig. 47, draw the line * * *'" 

AB, equal to the pitch of the screw ; draw the perpendicular line BC, equal 
to the circumference of the screw, then draw the line AC, which gives the 
angle of the screw-cutting tool. 

Frice of Machined-Work, te. — The price charged per hour for the 
use of machine-tools, — ^workmen's wages and trade expenses being covered 
by the charge — is usually as follows, viz. : — 

Grindstones, is, ^d, per hour. — Emery Wheels, is, 6d. — Glaziers, 2s, od. 
— Lathes, 6 to 8 inch, Centre, u. 6d.: 9 to 12 inch, 2s. od, : 13 to 16 inch, 
2s, 6d, : 17 to 22 inch, 3^. : 24 to 30 inch, 4J. — Surfacing Lathe, medium 
sized, 4s, : large, 5J. — Planing Machines, i^ to 2| feet wide, 2s. : 3 to 4 feet 
wide, 3J. : 4^ to 5 J feet wide, 4^. : 6 to 8 feet wide, 5^ . — Shaping and 
Slotting Machines, 4 to 6 inch Stroke, is, 6d,: 8 to 12 inch Stroke, 2J. : 
13 to 15 inch Stroke, 2s, 6d,: 16 to 18 inch Stroke, 3^. : 20 to 24 inch 
Stroke, 4J. — ^Vertical Drilling Machine, small, is, 6d. : medium sized, 2s.: 
large, 3^. 6d, — Radial Drilling Machine, small, 2s. : large, 3^. 6d, — Cylinder 
Boring Machine, small, 2j. 6d, : medium size, 4s. — Slot Drilling Machines, 
2s, — Screwing Machine, up to i| inches, 2s, : up to 2 inches, 2s. 6d. — 
Milling Machine, 2s. 6d, — ^Wheel-Cutting Machine, 3 j. — ^The price of Fitters' 
Best Work per day is equal to double the wages for ordinary work ; 2^ times 
for special or intricate work ; and 3 times the wages for very exact work. 
Planing work per square foot, for large flat work, 4J. : for small ditto, 6j. : 
5 J. for angles; and 6s, for undercut work. Turning work per square foot 
for large plain turning and surfacing work = the same prices as for planing. 
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Table 66. — Change Wheels for Screw-cutting. Leading Screw, 

2 Threads per Inch. 



Number of 










Number of 








Threads in One 


Drivert. 


Driven. 


Threads in One 


Drivers. 


Driven. 


Inch to be cut. 








1 


Inch to be cuL 








- 


40 


■ • . 


20 


. ■ • 




40 


• • • 


95 


• . • 


I 


80 


. • • 


40 


• • • 


4f 


20 


100 


50 


95 




50 


90 


30 


75 1 




30 

20 


100 


75 


95 




40 


• • ■ 


25 


• • • 




9* 


50 


■ • • 


li 


80 


• • • 


50 


• • • 


5 


30 


• « • 


75 


• • • 




40 


80 


20 


100 




50 


60 


75 


100 




60 


• • • 


45 


. • ■ 




40 


• • • 


^05 


• • • 


li 


80 


• • » 


60 


* • • 


5i 


20 


80 


60 


70 




40 


60 


20 


90 




40 


60 


70 


90 




40 


a ■ • 


35 


• • • 




20 


... 


55 


• . • 


If 


80 


• • • 


70 


• • • 


5i 


40 


. • . 


no 


• • • 




60 


40 


30 


70 




20 


60 


30 


no 




20 


• • • 


20 


• • • 




40 


. • * 


115 


• • • 


2 


90 


• • • 


' 90 


• • • 


5f 


20 


40 


20 


"5 




30 


80 


40 


60 




20 


60 


30 


"5 




40 


• • • 


45 


• • • 




20 


• • . 


60 


« • • 


2i 


80 


« • • 


90 


9 • • 


6 


30 


* * ■ 


90 


■ • • 




40 


100 


50 


90 




30 


50 


60 


75 




40 


• • • 


50 


... 




40 


... 


125 


* • • 


2i 


60 


• • * 


75 


• < ■ 


6i 


20 


60 


50 


75 




30 


80 


50 


60 


1 


40 


60 


75 


100 




40 


. ■ ■ 


55 


• ■ * 1 




20 


• • . 


65 


... 


2f 


80 


• . • 


no 


. • ■ 


6i 


40 


• • . 


130 


. * • 




40 


100 


50 


no 1 




40 


60 


65 


120 




30 


. • • 


45 


1 

• • « 




40 


• • . 


135 


. • • 


3 


40 


• • • 


60 


1 
• . • 


6f 


20 


40 


30 


90 




30 


80 


40 


90 




40 


80 


90 


120 




40 


. • • 


65 


• • • 




20 


. ■ • 


70 


• • • 


3i 


80 


. * ■ 


130 


■ « • 


7 


30 


40 


60 


70 




60 


80 


65 
70 


120 




40 


45 


70 


90 




40 


* • • 


. • ■ 




40 


... 


145 


• • • 


3i 


60 


* • • 


105 


. • • 


7i 


20 


80 


40 


145 




50 


60 


70 


75 




30 


60 


45 


145 




40 


« • • 


75 


. * ■ 




20 


... 


75 


. • • 


3l 


60 


80 


90 


100 


7i 





r 60 


75 


90 




40 


60 


45 


100 




80 


90 


100 




20 


• • • 


40 


1 

... 1 




40 


. • . 


155 


... 


4 


40 


■ • • 


80 


1 
■ • . 


71 


50 


60 


75 


155 




30 


80 


40 


120 




30 


60 


45 


155 




40 


• • ■ 


85 


... ! 




20 


... 


80 


• • • 


4i 


20 


80 


40 


85 


8 


25 


... 


100 


. • a 




30 


80 


60 


85 




20 


60 


40 
60 


120 




20 


• • « 


45 


• * ■ I 




20 


80 


no 


4i 


40 


• » • 


90 


... 


8i 


20 


40 


30 


no 




30 


60 


45 


90 




20 


60 


55 


90 
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Table 66 continued, — Change Wheels for Screw-cutting, 

Screw, 2 Threads per Inch. 



Leading 



Number of 
Threads in One 
Inch to be cut. 


Drivere. 


Driven. 


Number of 
Threads in One 
Inch to be cut. 


Drivers. 


Driven. 


8i 


20 
40 


• • ■ 

50 
50 


85 
75 
85 


• • • 

85 


17 


20 
20 
20 


25 

50 

45 


50 
85 
85 


85 

100 

90 


9 


20 
20 

30 


• • • 

80 
80 


To 
90 


■ • • 
120 
120 


18 


20 

25 
30 


30 
30 

40 


60 

75 
90 


90 

90 

120 


9h 


20 

30 
40 


■ • • 

40 
45 


90 


• • • 

95 
95 


19 


20 

25 

30 
20 
20 
20 


30 

30 
40 


60 
■75 

95 


95 

95 
120 


10 


20 
30 


• * * 

• ■ • 
40 


100 
125 

75 


■ • • 
• • • 

80 


20 


25 

60 


50 

60 

100 


100 
100 
120 


10^ 


20 
20 

30 


• • • 
40 
40 


70 


1 
• • ■ 

90 


21 


20 
20 
20 


30 
40 

25 


70 
70 
70 


90 

120 

75 


II 


20 
20 
20 


■ • • 

45 


no 

55 
55 


... ! 

60 

90 


22 


20 

25 
30 


30 
30 
40 


60 

75 
no 


no 
no 
120 


Hi 


20 
40 
25 


• • ■ 

40 


"5 
100 

50 


... 

"5 
"5 


23 


20 

25 
20 


25 
30 
30 


50 

75 
60 


"5 
115 
"5 


12 


20 

30 

30 


• • • 

40 

50 


120 
80 
90 


... 

90 
100 


24 


20 
20 
20 


25 
30 

40 


80 
80 


80 

90 

120 


I2i 


20 
20 
20 


• • ■ 

60 
40 


125 

75 
50 


■ • • 

100 
100 

65 
90 

100 } 


25 


20 
20 

25 


25 

30 
40 


50 

75 
100 


125 
100 

125 


13 


20 
20 

25 


30 

45 
40 


60 
65 


26 

1 

1 


20 
20 
20 


45 

30 

40 


60 
80 


130 
130 
130 


13^ 


20 
20 
20 


40 
40 
80 


60 

45 
90 


90 
120 
120 


27 


20 
20 

25 


40 

25 
30 


90 

75 
75 


120 

90 

135 


14 


20 
20 
20 


25 
45 
40 


50 
70 

70 


70 
80 


28 


20 
20 

25 


30 
25 
30 


70 

70 

100 


120 
100 
105 


Hi 


20 
20 

30 


• • • 

30 
40 


145 


... 

145 
US 


29 


20 
20 
20 


20 

40 

45 


40 
80 
90 


145 
145 
145 


15 


20 
20 

30 


• • ■ 

40 
40 


150 
50 
75 


• . • 
120 
120 


30 


20 
20 

20 


40 

20 

25 


100 

75 
75 


120 

80 

100 


16 


25 
20 

20 


30 
75 


75 
80 

120 


80 


32 


20 
20 

25 


25 

30 
30 


80 

80 

100 


100 
120 
120 
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Table 67. — Change Wheels for Screw-cutting. Leading Screw, 

3 Threads to the Inch. 



Number 
of 


Wheel 


Wlwd 


Number 
of 


Wheel 


Stud 
Wheel. 




Wheel 


Threads 
per Inch 
to be Cut. 


on 
MaDdreL 


on 

Leading 

Screw. 


Threwb 
per loch 
to be Cut. 


on 
MandieL 


Pinion. 


on 

Leading 

Screw. 


I 


60 


20 


loi 


20 


>. . 




70 


if 


60 


25 


II 


30 


... 




HO 


60 


30 


IH 


30 


... 




"5 


l| 


60 


35 


12 


20 


... 




80 


2 


60 


40 


I2I 


30 


. • a 




125 


2I 

2:- 


60 


45 


'^ 


30 


... 




130 


60 


50. 


I3I 


30 


* • . 




135 


60 


55 


14 


30 


50 


70 


100 


3 


60 


60 


15 


20 


• a . 


. • . 


100 




60 


65 


16 


20 


40 


30 


80 


60 


70 


17 


20 


40 


30 


85 


3f 


60 


75 


18 


20 


40 


20 


60 


4 


30 


40 


19 


20 


40 


30 


95 


4i 
4t 


60 
30 


85 
45 


20 
21 


20 

20 


50 
60 


30 
30 


80 
70 


4i 


60 


95 


22 


20 


40 


30 


110 


5, 


30 


50 


23 


30 


40 


20 


"5 


5J 
5t 


60 


105 


24 


20 


40 


30 


120 


30 


55 


^§ 


20 


50 


30 


100 


5i 


60 


"5 


26 


20 


65 


30 


80 


6 


30 


60 


27 


20 


60 


30 


90 


6| 


00 


125 


28 


20 


70 


30 


80 


30 


65 


29 


20 


40 


30 


145 


7, 


30 


70 


30 


20 


60 


30 


100 


7i 


30 


75 


32 


25 


80 


30 


100 


8 


30 


80 


34 


30 


60 


15 


85 


8i 


30 


85 


3^ 


30 


60 


15 


90 


9, 


30 


90 


38 


30 


60 


15 


95 


9i 


30 


95 


40 


30 


60 


15 


100 


10 


30 


100 


48 


20 


80 


25 


ICX) 



Whitworth's Standard Screw-Tkreads for Engineers' Taps. — 

The change wheels for cutting these threads are given in Table 83, page 
251 ; and the proportions of screws and bolts in Table 89, page 255. 

Whitworth's Standard Gas Screw-Threads, for gas piping. — ^The 
change wheels for cutting these threads are given in Table 86, page 253. 

Whitworth's Standard Etorew-Threads for Hydraulic Pipes, and 
gas and water pipes — and the correct thickness of metal for these pipes — 
are given in Table 88, page 254. 

WMtworth's Standard Screw-Threads for Watch and Instru- 
ment Makers are given in Table 90, page 256. 

Whitworth's Standard Sises for ITnts and Bolt Heads are given 
in Table io8> page 285. 
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Table 68. — Change Wheels for Screw-cutting. Leading Screw, 

4 Threads to the Inch. 



M Threads 
per Inch. 


8o 


Wheel on 
Leading 
Screw. 


9 


80 


U> Wheel on 
Stud. 


1 

i 

15 


Leading 
Screw. 


per Inch. 


It 

30 


Wheel on 
Stud. 


J 


Leading 
Screw. 


20 


90 


34 


45 


15 


85 


ij 


8o 


25 


10 


60 


25 


15 


90 


3^ 


40 


60 


15 


90 


ij 


8o 


30 


II 

1 


80 


30 


15 


no 


38 


30 


45 


15 


95 


li 


8o 


35 


12 


100 


60 


15 


75 


40 


30 


50 


15 


90 


2 


2^ 


45 


13 


80 


60 


15 


65 


44 


30 


55 


15 


90 


2^ 


8o 


45 


14 


60 


35 


15 


90 


48 


20 


40 


15 


90 


8o 


50 


15 


80 


45 


15 


100 


50 


20 


50 


15 


75 


2f 


8o 


55 


16 


60 


45 


15 


80 


54 


20 


45 


15 


90 


3, 


ICO 


75 


17 


60 


45 


15 


85 


57 


20 


45 


15 


95 


3^ 


8o 


65 


18 


80 


60 


15 


90 


60 


20 


50 


15 


90 


31 


8o 


70 


19 


80 


60 


15 


95 


66 


20 


55 


15 


90 


3f 


8o 


75 


20 


60 


45 


15 


ICX) 


70 


20 


70 


15 


75 


4 


^ 


90 


21 


40 


45 


15 


70 


76 


30 


90 


15 


95 


*\ 


8o 


85 


22 


60 


45 


15 


no 


80 


30 


90 


15 


100 


4j 


8o 


90 


24 


40 


45 


15 


75 


96 


20 


80 


15 


90 


5, 


8o 


100 


26 


60 


65 


15 


90 


100 


20 


75 


15 


100 


l« 


8o 


no 


28 


60 


70 


15 


90 


no 


20 


75 


15 


no 


6 


6o 


90 


30 


60 


75 


15 


90 


114 


20 


90 


15 


95 


7 


40 


70 


32 


30 


40 


15 


90 


120 


20 


90 


15 


100 


8 


40 


80 


33 


40 


55 


15 


90 


132 


20 


90 


15 


no 



The above table will suit a lathe with a leading screw of | inch pitch by 
dividing the mandrel wheel by 2. 

Cnttmg Bight-hand and Iieft-hand Borewe. — In cutting a right- 
hand thread, the tool in a lathe travels from right-hand to left-hand, and in 
cutting a left-hand thread, the tool travels from left-hand to right-hand. 

Double and Treble Threads. — ^The distance between the centres of 
the threads of a screw is only one-half the actual pitch in a double-thread 
screw, and one-third the pitch in a treble-thread screw. To cut double or 
treble threads, find the wheels to cut a screw of the required pitch with a 
single thread, and multiply the number of teeth in the lathe spindle-wheel 
by the number of threads to be cut — ^that is, by 2 for a double-thread, or by 
3 for a treble-thread — the product will be the number of teeth in the lathe 
spindle-wheel ; the other wheels to complete the set will be the same as 
for a single thread. In cutting a double-thread screw, a single thread is 
first cut, a mark is then placed on a tooth of the lathe spindle-wheel and on 
the space it occupies in the first driven wheel, the change wheels are 
thrown out of gear and the lathe spindle is turned round, and the wheels 
are re-placed in gear at one-half the number of teeth of the wheel beyond 
the marked tooth ; the lathe is then ready for cutting the second thread. 
The wheels for cutting three or more threads can be found in a similar way. 
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Table 69. — Change Wheels for Screw-cutting. Leading Screw, 

f Inch Pitch. 



Number 










Number 










of 










of 










Threads 


Driven. | 


Driven. 1 


Threads 


Drivers. I 


Driven. I 


in One 










in One 










loch. 










Inrh. 










I 


80 


... 


30 


■ . . 


12 


30 


40 


60 


90 


li 


80 


100 


50 


75 


I2i 


20 


40 


50 


?5 


l^ 


80 


100 


50 


90 


13 


20 


40 


60 


65 


4 


40 


80 


30 


70 


i3i 


20 


80 


90 


90 


2 


80 


... 


60 


■ • • 


14 


20 


40 


60 


70 


4 


60 


80 


90 


45 


I4| 


20 


40 


75 


58 


80 


. • . 


75 


1 
... 


15 


20 


40 


50 


90 


2^. 
'4 


40 


80 


30 


1 10 


i5i 


20 


40 


62 


75 


3 


80 


. • . 


90 


• • • 


16 


20 


40 


60 


80 


Zi 


50 


80 


65 


75 . 


i6i 


20 


40 


55 


S° 


3i 


30 


80 


45 


70 


17 


20 


40 


60 


85 


34 


40 


80 


60 


95 


18 


20 


40 


60 


90 


4 


40 


• • • 


60 


... 


19 


20 


40 


60 


95 


*t 


40 


80 


60 


85 


20 


20 


30 


50 


90 


4| 


20 


80 


30 


90 


21 


20 


40 


70 


90 


4! 


40 


80 


60 


95 


22 


20 


40 


60 


no 


5, 


40 


• • • 


75 


a • • 


23 


20 


40 


60 


"5 


52 


20 


80 


45 


70 


24 


20 


40 


80 


90 


30 


80 


45 


no 


25 


20 


40 


75 


100 


5j 


40 


80 


60 


"5 


26 


20 


40 


65 


120 


6 


30 


80 


60 


90 


27 


20 


40 


90 


90 


6i 


40 


60 


65 


90 


28 


20 


30 


70 


90 


7 


40 


60 


70 


90 


30 


20 


40 


90 


ICO 


72 


30 


80 


75 


90 


32 


20 


25 


75 


80 


8 


30 


... 


90 


• • ■ 


34 


20 


20 


60 


85 


H 


30 


40 


45 


85 


36 


20 


20 


60 


90 


9, 


20 


80 


60 


90 


38 


20 


20 


60 


95 


9l 


20 


40 


30 


95 


40 


20 


20 


75 


80 


10 


20 


80 


60 


100 


42 


20 


30 


70 


90 


io| 


20 


80 


70 


90 


44 


20 


30 


90 


no 


II 


20 


80 


60 


no 


48 


20 


30 


90 


120 


11^ 


20 


40 


30 


"5 


50 


20 


30 


75 


150 



The above Table will suit a lathe with a leading screw of f inch pitch by 
dividing the first driving-wheel by 2. 



Weight of Screws. — The weight of a screw with a single thread is 
approximately equal to that of a solid bar, whose diameter is equal to the 
diameter of the screw minus the depth of thread. Thus, the weight of a 
single-thread screw, of 3 inches diameter, with a thread j inch deep, would 
equal that of a solid bar — of the same material— of 2^ inches diameter. 

The Strength of Screws and Bolts is given at pages 283 and 284. 
The proportion of V and square threads are given at page 256. 
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Table 70. — Change Wheels for Cutting Whitworth's Screw Threads 
FOR Gas, Water, and Hydraulic Iron Piping. Leading Screw, 
2 Threads per Inch. 



Internal 

Diameter 

of Pipe. 


Number 

of Threads 

per Inch. 


Wheel on 

Lathe 

Spiudle. 


Wheel on 

Leadinj? 

Screw. 


Intermediate 
Wheel 


Stud 
Pinion. 


Inch. 












i 


28 


20 


120 


70 


30 


i 


19 


20 


95 


60 


30 


I 


19 


20 


25 


60 


30 


i 


14 


20 


80 


70 


40 


14 


20 


80 


70 


40 


8 


14 


20 


80 


70 


40 


14 


20 


80 


70 


40 


I 


II 


20 


no 


• •• 


• •• 



Note.— All larger sizes of piping have 11 threads per inch. 



Table 71. — Change Wheels for Cutting Screws from J Inch to 
4 Inch Pitch. Leading Screws, J, f, and ^ Inch Pitch. 



Pitch of 

Thread 

to be Cut 


LSADINC SCRBW \ In. PiTCM. 


Leading Scrbw | In. Pitch. 


Leading Screw ^ In. Pitch. 


Drivers. 


Driven. 


Driven. 


Driven. 


Drivers. 


Driven. 


Inches. 














i 


50 


50 


50 


75 


50 


100 


s 

16 


50 


40 


40 


48 


50 


80 


« 


60 


40 


50 


50 


45 


60 


1^ 

2 


70 


40 


70 


60 


35 


40 


50 


25 


40 


30 


50 


50 


P 


45 


20 


45 


30 


45 


40 


k 

8 


50 


20 


50 


30 


50 


40 


1 I 
"16 


55 


20 


55 


30 


55 


40 


i 


60 


20 


60 


30 


60 


40 


t* 


65 


20 


65 


30 


65 


40 


1 

8 


70 


20 


70 


30 


70 


40 


1 s 


75 


20 


75 


30 


o75 


40 


I 


40 


50 


20 


25 


40 


50 


30 


25 


80 


50 


80 


25 


:| 


90 


60 


60 


20 


90 


60 


60 


30 


90 


60 


60 


40 


50 


80 


40 


20 


50 


80 


40 


30 


50 


80 


40 


40 


if 


40 


no 


40 


20 


40 


no 


40 


30 


40 


no 


80 


20 


^i 


50 


60 


25 


20 


40 


60 


30 


20 


5° 


60 


40 


25 


i| 
i| 


70 


^5 


20 


35 


65 


70 


30 


35 


65 


70 


35 


40 


70 


80 


40 


20 


70 


80 


40 


30 


70 


80 


80 


20 


2 


120 


80 


30 


40 


120 


80 


40 


45 


120 


80 


40 


60 




120 


90 


30 


40 


120 


90 


40 


45 


120 


90 


40 


60 


120 


100 


30 


40 


120 


100 


40 


45 


120 


100 


40 


60 


2f 


120 


no 


30 


40 


120 


no 


40 


45 


120 


no 


40 


60 


3 


120 


100 


20 


50 


120 


90 


30 


45 


120 


90 


30 


60 


4 


120 


100 


25 


30 


120 


80 


20 45 


120 


80 


20 


60 
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Table 7a. 


.-—Change Wheels 


roK 


Cutting Pitchks in 


Millimetres, 


FOR Lathes with Lxaoino Screws of i, f and f ! 


[nch Pitch. 








Lbadimg Saxm i Inch 


Pitch of 


Pitch. 






Fitch. 






Pitch. I 


Screw to 
be Cot. 












































DriTert. 


DriTcn. 1 


Driven. 


DriTcn. 


Driven. 


Driven. 


Milliintovs. 


























I 


36 


35 


80 


100 


36 


35 


100 


I30 


36 


35 


160 


80 


3 


P 


45 


50 


100 


|S 


45 


75 


100 


63 


20 


ICO 


80 


3 


63 


30 


50 


80 


h 


30 


75 


80 


63 


30 


100 


80 


4 


63 


40 


50 


80 


63 


40 


75 


80 


63 


40 


100 


80 


5 


63 


50 


50 


80 


63 


5° 


75 


80 


63 


50 


100 


80 


6 


63 


60 


50 


80 


63 


60 


75 


80 


63 


60 


100 


80 


7 


63 


70 


50 


80 


63 


70 


75 


80 


63 


70 


ICO 


80 


8 


63 


80 


50 


80 


63 


80 


75 


80 


63 


80 


100 


80 


9 


63 


90 


50 


80 


63 


90 


75 


80 


63 


90 


100 


80 


10 


63 


100 


50 


80 


63 


100 


75 


80 


63 


100 


ICO 


80 


II 


63 


no 


50 


80 


63 


no 


75 


80 


63 


no 


IOC 


80 


13 


63 


60 


50 


40 


63 


60 


50 


60 


63 


60 


100 


40 


13 


63 


65 


50 


40 


63 


65 


75 


46 


63 


65 


80 


50 


14 


63 


70 


40 


50 


63 


70 


75 


40 


63 


70 


80 


50 


15 


63 


75 


40 


50 


63 


75 


^5 


40 


63 


75 


80 


50 


16 


63 


80 


40 


50 


63 


80 


60 


50 


70 


45 


50 


50 


17 


63 


85 


40 


50 


63 


85 


^5 


40 


63 


85 


80 


50 


18 


63 


90 


40 


50 


63 


90 


60 


50 


63 


90 


80 


50 


19 


63 


95 


40 


50 


63 


95 


60 


50 


63 


95 


80 


50 


20 


63 


100 


40 


50 


63 


100 


60 


50 


63 


100 


80 


50 


21 


63 


105 


40 


50 


63 


105 


60 


50 


63 


105 


80 


50 


22 


63 


no 


40 


50 


63 


no 


60 


50 


63 


no 


80 


50 


24 


63 


60 


30 


50 


63 


60 


30 


50 


63 


60 


50 


40 


25 


70 


90 


40 


40 


70 


90 


40 


60 


70 


90 


80 


40 


26 


63 


65 


25 


40 


63 


65 


25 


60 


63 


65 


50 


40 


28 


63 


70 


30 


50 


63 


70 


30 


50 


63 


70 


50 


40 


30 


63 


90 


40 


30 


63 


90 


40 


45 


63 


90 


80 


30 


32 


63 


60 


30 


25 


63 


60 


^5 


25 


63 


60 


50 


30 


34 


63 


85 


40 


»5 


63 


85 


60 


25 


63 


85 


80 


25 


35 


63 


70 


40 


30 


63 


70 


60 


30 


63 


70 


80 


20 


36 


63 


90 


50 


30 


63 


90 


1° 


30 


63 


90 


50 


40 


38 


63 


95 


40 


»5 


63 


§5 


60 


25 


63 


25 


50 


40 


40 


63 


80 


40 


30 


63 


80 


40 


30 


63 


80 


40 


40 


42 


63 


105 


40 


25 


63 


105 


60 


25 


63 


105 


40 


50 


44 


63 


no 


40 


25 


63 


no 


60 


25 


63 


no 


40 


50 


45 


63 


90 


40 


30 


63 


90 


60 


30 


63 


90 


80 


20 


46 


63 


"5 


40 


25 


63 


"5 


60 


25 


63 


"5 


80 


25 


48 


63 


90 


30 


25 


63 


90 


45 


25 


63 


60 


40 


25 


50 


63 


75 


30 


30 


63 


75 


45 


30 


63 


75 


40 


60 



lEillimotre pitohM are the best for small screws. Where very great 
accuracy is required, a wheel with 127 teeth should be substituted for the 
63 wheel in the above table, and the remainder of the set of wheels altered 
accordingly. q 
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CAST-IRON AND IRON CASTINGS. 

The Bruids of Xron used in foundries for ordinary castings are Nos. x, 
2, 3, and 4, which are grey cast-irons. The quality of the iron can be judged 
by inspecting the fracture. When the colour of the fracture is a uniform 
dark grey with high metallic lustre, the iron is tough ; but when the colour 
is dark grey, mottled, and without lustre, it is very weak. When the colour 
is lightish grey, with high metallic lustre, the iron is tough and hard ; but 
when the colour is light grey, without metallic lustre, it is hard and brittle. 
When the colour is dull white, the iron is harder and more brittle than the 
last named one. When the colour is greyish white, with small radiating 
crystals, the iron is extremely hard and brittle. No. i has a dark grey 
fracture, with high metallic lustre ; it is more fusible and more fluid than the 
others ; but being deficient in hardness and strength, it is only suitable 
for very light castings. Nos. 2 and 3 are used for ordinary castings, the 
colour being a lighter grey, widi a less degree of lustre than No. i. 

The Bnuds used for the manufacture of wrought-iron are Nos. 4, 5, 
6— grey forge-iron ; No. 7 is a mottled iron ; and No. 8 is a white cast- 
iron. 

Strength of Cast-iron. — ^The average strength of cast-iron to resist 
a crushing or breaking strain of compression is 42 tons per square inch of 
section, and its safe working strength in compression free from flexure is : — 
for cast-iron pillars, girders, and similar castings carrying dead weights, ^h 
the breaking strain, or 7 tons : for pillars and machinery subject to vibration, 
|th, or 5} tons ; and for cast-iron arches, i^th of the breaking strain, or 
3 tons per square inch of section. The average tensile strength of cast-iron, 
is 6 tons per square inch of section, and its safe working strength intension, 
is ^th the breaking strain, or i| tons per square inch of section. 

Testing Cast-iron. — A bar of good cast-iron, i inch square x 3 feet 
6 inches long, placed upon supports 3 feet apart, should bear a gradually 
applied weight of 7 cwt. In contracts for castings, it is usual to specify 
the weight which a test-bar, cast from the same metal as the castings, shall 
carry, the usual stipulation being that a test-bar of cast-iron, 3 feet 6 inches 
long X 2 inches deep x i inch thick, placed upon supports 3 feet apart, 
shall bear in the middle a gradually applied weight of from 27 to 30 cwt., 
which will cause a deflection of about | inch. The permanent set, caused 
by the deflection, is not taken notice of. These test-bars generally break, 
when a weight of from 31I to 32 cwt. is applied in the middle. The 
average breaking strain is usually taken of several test-bars, to guard against 
the effect of flaws in the castings. Cast-iron should be twice run, of fine 
grain, uniform, and of even grey colour, easily filed, and soft enough to be 
slightly indented when struck with a hammer. 

Castings. — The mixtures of cast-iron, found in practice to be most suit- 
able for different kinds of work, are given in the following table. 



CAST-IRON CASTINGS. 
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Table 73. — Mixtures or Mktal for various Cast-iron Castings, 


Very tough and hard "\ 
cast-iron, for anvils, f 
for steam hammers, t 
and similar work . J 


Hematite, No. 3 i part. 

Pontypool, No. 4 i „ 

Clyde, No. 4 i „ • 

Monkland, No. 8 i „ 


Chilled cast - iron"\ 
rolls, a mixture ( 
which chills about t 
J inches deep . ) 


Hematite, No. 5 5 parts. 

Lilleshall, C. B 5 „ 

Cleator white 4 », 


Chilled cast - iron 
rolls, a mixture ^ 
which chills about 
I J inches deep 


Hematite, No. 5 10 parts. 

Lilleshall, C. B 8 „ 

Cleator white 4 n 

Brymbo 2J „ 

Pontypool white 4 ,1 


Chilled cast - iron ^ 
rolls, a mixture 1 
which chills about t 
a J inches deep . ) 


Hematite, mottled . . . . i part. 

Hematite, No. 5 i „ 

Blaenavon or Pontypool, C. B. . . i „ 


Chilled cast - iron 
rolls, a mixture, 
which chills from] 
zi to 3 inches deep 


Cleator white 4 parts. 

Brymbo 4 ,» 

DUeshall, C. B 8 „ 

Hematite, No. 3 6 „ 

Pontypool, No. 3 2 „ 


Tough and durable*^ 
cast-iron, for wheel > 
gearing . . .) 


Barrow hematite. No. 2 ... 8 cwt. 
Glengarnock, No. 2 . . . . 4 „ 
Good clean scrap . . . . 8 „ 


Tough and durable "\ 
cast-iron, for cylin- f 
ders up to i inch C 
thick . . .) 


Pontypool. C. B. No. 4 lo cwt. C IJf^^'!? *°'*„T 


Tough and durable ^ 
cast-iron, for cylin- f 
ders above i inch f 
thick . . .J 


Pontypool, C. B. No. 4 7 cwt. "^ Melted and cast 
Clyde, No. 4 . . 7 w f into pigs in order 
Gartsherrie, No. 3 . 6 „ ) to mix properly. 


Good mixture of cast- *^ 
iron, for ordinary > 
castings . . ) 


Scotch mixed brands . . * . 5 cwt. 
Weardale . . . . . . 6 „ 

Good clean scrap . . . • 9 »i 


Good mixture of cast- *^ 
iron for light cast- > 
ings . . • • ) 


Scotch mixed brands .... 5 cwt. 
Glengarnock, No. i . . . . 6 „ 
Good clean scrap . . • 9 19 



The strength of cast-iron is increased by remelting, up to 10 meltings. 
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GUN-METAL AND BRASS CASTINGS. 

BEftW TnmaM. — A ample and effective brass furnace is shown In 
Fi^. 48. It is 15 inches square x 38 inches deep inside. Hole for fine, 
7 inches x 10 inches. Chimney, 10 inches square inside by not less than 
15 feet high; the furnace to be built of brick, lined with firebrick; the 
front fire-bar bearer is moveable, and slides forward to let the fire-bara 
drop down, when required. This furnace will melt about 80 lb. of metal 
quickly and easily. A. shows the tongs for pouring the metal, and B. the 
tongs for lifting the crucible off the fire. 

Braas JE^tinff. — The process of melting may be briefly described 
thus. After the fire is lighted, the crucible is placed over it, upside 




down, until properly heated, when it is put in its place with its bottom 
resting on a firebrick, to keep it off the bars. Coke is then filled round 
to steady it. Copper cut into small pieces is then placed in the crucible 
and melted. Afterwards tin is added, melted and mised. When the 
metal comes to a proper heat for casting, if a piece of zinc be dropped 
into the crucible, it will immediately flare up; if it does not flare up, the 
metal is not at its proper casting heat. When ready, the rubbish is 
skimmed off the top, and the metal is poured into the moolds. The 
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moulding-boxes are opened as soon as the metal is poured, and the 
castings are sprinkled with water and cooled as quickly as possible, which 
makes the metal softer and more uniform than if left to cool slowly. The 
metals have also a tendency to separate, and the heaviest metal to sink to 
the bottom of the casting when the cooling takes place slowly. When old 
brass is melted down, no tin is necessary : but a small quantity of zinc is 
added. When a mixture of part old brass and part copper is melted, tin 
is added in proportion to the new copper, and zinc in proportion to the old 
brass. The tenacity of gun-metal varies considerably, because it depends 
greatly upon the manipulation of the metal both in the crucible and in the 
casting. 

Copper loses its colour and softness when alloyed with other metals. 
Copper and tin mix well in all proportions. The addition of tin increases 
hardness, and, in order to be malleable, copper must be mixed with less 
than 10 per cent, of tin. A mixture containing one-third of tin is very brittle. 
Lead has the tendency to separate from copper, and cannot be used in 
larger proportions than \ lb. to i lb. of copper. The tenacity of wrought- 
copper is 30,cxx3 lbs. per square inch. In making castings of pure copper, 
to prevent blown castings, use a flux of £ lb. zinc for 50 lbs. copper. 

Broue or Gun-metal is the best alloy for bearings and general 
castings where toughness and durability are required. A good mixture 
is : copper, 9 parts ; tin, i part. Its tenacity per square inch averages 
28,ocx) lbs. Tlie weight of one square foot i inch thick is 45 lbs., and of 
a piece 1 2 inches long x i inch square, is 3I lbs, approximately. 

Good BradiSy for light bearings and castings, consists of : copper, 7 parts; 
tin, I part; zinc, i part. Its tenacity per square inch averages 22,cxx) lbs. 
The weight of i square foot i inch thick is 44 lbs., and of a piece 12 inches 
long X I inch square 3*66 lbs. approximately. 

Common Brajis consists of : copper, 4 parts ; tin, i ; and zinc, i part. 
Its tenacity per square inch averages 20,cxx) lbs. The weight of one square 
foot I inch thick is 43 lbs., and of a piece 12 inches long x i inch square, 
3*55 lbs. approximately. 

Yellow BnuMf of best quality, consists of: copper, 2 parts; zinc, 
I part. Its tenacity per square inch averages 1 8,cxx) lbs. The weight of 
one square foot, i inch thick, is 42 lbs., and of a piece 12 inches long x 
I inch square, 3^ lbs. approximately. 

Statnarj-Bronsef or metal for statues, consists of: copper, 91*4 parts; 
tin, 17; zinc, 5*53; and lead, 1*37 parts. Another statuary bronze con- 
sists of : copper, 83 parts ; tin, 4 ; zinc, 10 ; lead, 3 parts. 

Alnmininm-Bronie consists of: copper, 90 parts ; aluminium, 10 parts. 
Its tenacity per square inch is about yo,ooo lbs., or more than double that 
of gun-metal ; but it costs about four times as much as gun-metal, and 
is used chiefly by instrument makers. It is not liable to rust, and may be 
forged either hot or cold. 

Btexro-Xetal is a special metal for making heavy guns. Its tenacity 
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per square inch is about 60,000 lbs., and consists of various proportions, 
one of which is: copper, 60 parts; zinc, 35 parts; tin, 2 parts; wrought- 
iron, 3 parts. 

XiintB Xetal consists of : copper, 3 parts : zinc, 2 parts. It is used 
for sheathing ships. Tenacity, 49,000 lbs. per square inch. 

Xalleablo Brajis can be forged either hot or cold. Consists of: copper, 
56 parts ; zinc, 42 ; wrought-iron, 2 parts. 

F]i08pliO]>liroiiie is a superior metal for bearings, wheels, and other 
castings, where great strength, toughness, and durability are required. The 
tenacity per square inch of the toughest quality is about 56,000 lbs. : great 
care is required in the production of castings from this alloy. Unlike 
ordinary bronze, it can be remelted without injuring its quality. A steel 
journal well fitted into phosphor-bronze bearings is much less liable to 
heat than any other known materials that can be used for such a purpose 
for heavy work. 

A SToB-corxonTe Broue is manufactured by the Phosphor Bronze 
Company, in sheets, rods, and tubes, and also in wire for overhead 
telegraph and telephone-wires and springs. Its tenacity when rolled and 
drawn into wire is from 100,000 to 150,000 lbs. per square inch. 

Siliciiuii-Bronie is a new special alloy, manufactured by the Phosphor 
Bronze Co. for electric conducting wire. It can be made to possess the 
strength of best iron wire with the conductivity of pure copper, or the 
strength of steel wire with twice its conductivity. 

CompreMed Broue. — ^The compression of the metal while in a fluid 
state, by closing the blow-holes, caused by the formation of gas, increases 
the density and tenacity of the metal. The tenacity of compressed bronze 
is about 65,000 lbs. per square inch. 

Ormolu is a metal used for ornaments of stoves and artistic metal work. 
It can be got up by finishing to a brilliant gold-like surface. It consists of 
from 2^ to 3 parts of copper, according to the depth of colour required, to 
I part of zinc. The castings after being polished are dipped in acid, and 
then brightened by means of a wire scratch-brush, and finally lacquered to 
prevent tarnishing. 

Boiled and Wire-Drawn Brass is stronger than cast brass. The 
metal during these processes becomes dense and hard, and requires to be 
frequently annealed, which is effected by heating the metal and allowing it 
to cool slowly. The tenacity of the best quality of brass wire is 80,000 lbs. 
per square inch. 



BRASS WORK. 



Work. — ^The proportions of a variety of the alloys, found in prac* 
tice to be most suitable for different kinds of work, is given in the following 
Uble, containing 97 different alloys. 



BRONZE, GUN METAL, AND BRASS WORK. 



231 



Table 74. — ^Mizturss or Mxtal for Bronze, Gun Mxtal, Brass, and 

OTHER Castings. 



Dcscripdon of Work the Alloy is luitable for. 



Hard bronze . 

Ordnance metal 

Metal for piston rings, requires no lubrication . 
Good locomotive brass boiler tubes : 2 parts ingot 

copper ; i part spelter .... 
Bearings for locomotive engines 
Gun metal for locomotive engine bearings, and for 

valves and glands 

Gun metal for railway carriage and wagon bear- 

lugs •• • . . . • • . 

Gun metal for bearings and details of locomotives 

Gun metal for cocks and valves for steam 

Gun metal bushes for lathes and engines, and for 

all kinds of heavy bearings 
Gun metal for general castings of all kinds for 

best work .•••••• 

Gun metal bushes for plummer blocks and 

machinery bearings .... 

Metal for glands, spindles, and eccentric straps 
Gun metal for railway carriage, engine, and 

machinery bearings .... 

Metal for slide valves 

Metal for pumps and other hydraulic purposes 
Metal for lining pumps for acid liquids • 
Metal for covering iron rods, such as pump rods, &c 
Gun metal for foot-steps of vertical shafts . 
Metal for piston rings ... 93 brass 

Metal for cocks, valves, and taps for water 
Metal for embossing press .... 

Metal for rolls 

Hard metal for bearings .... 

Hard gun metal 

Soft gun metal 

Hard brass castings 

Tough brass for bolts and nuts, and wheels . 
Grood brass for railway carriage and for engine 

and machinery bearings .... 
Good brass for all ordinary castings for engines 

and machinery • . . • . 
Good brass for pump buckets, plungers, valves 

and seats of pumps ..... 
Common brass for light castings . 
Metal for axle boxes of carriages and carts 
Metal for ornamental brass castings 



NuMBBR OF Parts op 



Copper. 



82i 

15 



64 

84 

85 
5 

9 

9 

9 

8 

8 

7 
33 

36 

16 

20 

7 
14 

87 
86 

12 

16 

16 

25 
16 



44 

4 
86 

a 



Tin. 



i7i 

5 



16 
15 



I 

4 
4 
3 

3 

5 

... 

I 

II 

12 
I 

i} 



} 



3 
I 

14 



Zinc. 



... 
I 



... 
I 
I 

. ( * 
I 



I 

2 
2 



1 

2 



2 



1 
2 



1 
2 



• •• 
I 



Lead. 



. * • 

... 
... 



... 

... 

... 
• •. 



... 



• •. 

• •• 

• •• 
... 
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Table 74 continued, — Mixtures of Metal for Bronze, Gun Metai, 

Brass, and other Castings; 



Description of Work the Alloy is suitable for. 



Copper flanges for pipes 

Anti-corrosive metal to stand acids 7 antimony 
Anti-rust metal (Baily's metal) for instruments, &c. 
Naval brass, very tenacious, used by the Admiralty 

for bolts, &c 37 spelter 

Metal for bearings exposed to heat 

Metal for toothed wheels 

Metal for statues .... 

Spelter 

Pot metal for commonest water taps . 
Brass for gas fittings 

Yellow brass 

Sheet brass 

White brass 

Red brass 

Brass wire 

Bristol sheet brass ; solders well 
Brass which solders well 
Brass for mathematical instruments 
Brass for watch-makers, malleable 
Brass for watch-makers, not malleable 

Turner's brass 

Button-maker's brass 
Brass for making brass pans ; very hard 
Brass for cymbals and Chinese gongs 
Metal for cymbals ; worked hot . 
Malleable brass ; can be forged hot 
Jeweller's metal 



98 brass 
8 brass 



1 



Metal for punches for jewellery and 

Metal for screw propellers 

Gilding metal 

Lap alloy . 

Metal for brass rivets 

Metal for copper rivets 

Dipping brass 

Dipping brass, another 

Mosaic gold metal . 

Manheim gold metal . 

Pinchbeck 

Mirror metal 

Speculum metal 

Bronze medals . 

Bronze medals, another . 

Bronze medals, another 



10 brass 
instruments 



6 spelter 



Number of Parts of 



Copper. 



36 

16 

62 
18 
92 

88 
I 
8 

40 

2 

3 

10 

16 
67 
16 
16 
12 

4 
I 



48 
4 

8o| 

33 
30 

16 
I 

16 
60 
16 

I 
3 

68} 
43 

P 

89 



Tin. 



2? 



I 
I 
8 



10 



• a . 
I 



II 

4i 



16^ 
10 



3ii 

20 

3 
4 
8 



^n«7^ 



• •• 
I 



7 
I 

••. 

20 
I 
I 

80 
2 



••• 
I 

2 



«•* 

• a • 

• *. 

»5 



8 



14 

I 

I 
I 

... 

• • . 

• •• 

. • • 



Jjai. 



30 



2 

• • . 

3 
I 



U 

2 
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Table 74 continued. — ^Mixtures of Metal for Bronze, Gun Metal, 

Brass, and other Castings. 



Descripdon of Work the Alloy is suitable for. 


Number of Pasts 07 










Copper. 


Tin. 


Zinc. Lead. 

1 


Bronze medals, another ... 3 nickel 


8 


3a 




Dutch metal 


5i 




I 




Bath metal 35 brass 


... 




9 




Princes metal 


I 




I 




Blanched copper . . \ arsenic 


8 




... 




Bronze coins, English and French . . . . 
Gold coins, French .... 90 gold 


95 
10 


4 


I 




Silver coins, French ... 90 silver 


10 








Shot metal 2 arsenic 


... 






98 


Bullet metal i antimony 

Metal for nails for ship's sheathing 

Bell metal for musical bells 


... 
86| 

25 


\ 


4a 


5 


Bell metal for small clock bells .... 


25 


5 






Bell metal for gongs 

Bell metal for house bells 


25 
25 


f 






Bell metal for larger bells for factories, &c. . . 
Bell metal for small church bells .... 


25 
25 


6i 
7 






Bell metal for the largest church bells . . . 
Metal for barometer dials . . 30 arsenic 


25 

70 


7\ 

. • . 






Imitation gold 7 platina 


16 


... 






Ring gold .... 5 gold : 3 silver 
Standard gold . .11 pure gold 


6 
I 


... 
... 




... 



Table 75. — ^Weight of Bells. 



Diameter of 






































bell, in inches 


6 


7 


8 


10 


12 


H 


16 


20 


25 


30 


35 


40 


45 


50 


60 


70 


80 


9ii 


Weight, in lbs. 


4i 


6i 


II 


16 


22 


45 


68 


197 


393 


64s 


900 


1345 


1795 


2580 


2920 


7952 


11256 


1822S 



Thickness of Bells. — ^To obtain variety of tone, the thickness of house 
bells should range from -^th to -^th of their diameter. Clock bells and 
dinner bells should be not less than -jV^h of their diameter in thickness. 
Large church bells and peals of bells range from -j^th to -^th the 
diameter in thickness at the sound bow. The clapper of small bells 
should be about ■^, and for large church bells from -^to-^ the weight 
of bell. 

The largest bells in England are: — Great Paul, of St. Paul's Cathedral, 
which is composed of 13 lbs. of copper to 4 lbs. of tin, and weighs 
37*383 lbs.; Great bell of Westminster, weighs 30,352 lbs.; Manchester, 
18,256 lbs.; Tom of Oxford, 17,360 lbs.; Tom of Exeter, 13,440 lbs.; 
Tom of Lincoln, 12,096 lbs. ; and Tom of St. Paul's, weighs 11,474 lbs. 
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WHITE METAL. 

WUte Xetal being one of the best alloys for redacing friction, is com* 
monly called antifriction metal. It is cheaper than gun-metal, bat it is 
much softer and is liable to crush and spread out, unless cased in an iron 
box. Babbit's original receipt was : 4 lbs. copper; 8 lbs. antimony; 24 lbs. 
tin = 36 lbs. This was called hardening. For every lb. of the above he 
added 2 lbs. more tin, making altogether 108 lbs. 

A great number of other mixtures are now used by brassfounders, and 
a collection of those most generally used is given in the following 
table, containing 72 different alloys. 

Table 76.— Antifriction Whitx Metal and other Allots. 



D«icriptioo of Work the Alloy is suiuble for. 



White metal for filling perforations in slide valves 
Antifriction white metal for bearings of engines, 
millwork, machine tools, and general machinery 



Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white melal do. 

Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white metal do. 



do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
I bismuth 



Antifriction white metal for bearings of engines 
shafting, tools, millwork, and machinery 

Antifriction white metal do. do. 

Antifriction white metal for bearings . 

Antifriction white metal do. . . . 

Antifriction white metal, used for lining locomo- 
tive axle boxes, and bearings of machine tools 

Antifriction white meta^ for bearings of shafting 
implements, &c., and general machinery . 



Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white metal do. 

Antifriction white metal do. 



do. 
do. 
do. 
do. 
do. 
do. 
12 bismuth 



NcJMBBS OP Parts op 



Tin. 



Antifriction white metal for bearings of machinery 



82 

96 

2^ 

84 
78 
60 

60 

56 

50 
50 

50 
42 

40 

3^ 
28 

22 

16 

10 

20 

... 

32 

2 

2 
8 

16 



Copper^ 



And- 
mooy. 



4 

2 

5 
6 

10 

3 
I 



3 

2 



2 
I 






• . . 

2 

••• 

2 



12 

8 

8 

10 

10 

12 

6 

9 
4 
5 
5 

5 
5 

10 

3 

3 

2 



3 

20 

15 

10 

2 
2 

20 
I 

3 



••■ 
.*• 

... 
... 
.«• 
... 
•.» 
••• 
... 
... 



... 
. .• 
... 
•• . 



6 

60 

85 
18 

24 
20 

20 

20 

4 
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Tablx 76 continued, — ^Antifriction White Mxtal and other Axlots. 



Description of Work the Alloy it iniuble for. 



• 30 nickel ; ao zinc 

. I metallic arsenic 

} oz. tin ; i lb. copper 

• I zinc 



I bismuth 



Antifriction white metal for light machinery bearings 
Antifriction white metal for machinery bearings . 
White metal for models and instruments i brass 
Hard white metal . . 20 brass ; 3 spelter 
Hard white metal, another . 16 brass; \ zinc 
Hard white metal, another . . .13 zinc 

White metal 13 zinc 

White metal 13 zinc 

White metal for sockets ... 5 zinc 

White metal for rolling 

White metal for spinning 

Metal for vice clams 

German silver for castings 

Imitation silver 

Imitation silver, another 

Imitation silver 

Pewter .... 

Metal for organ pipes 

Pewter, common 

Pewter, fine .... 

Metal for ornaments and lamps .... 

Metal for ornaments and small Statues 20 zinc 

Nickel alloy for candlesticks, &c. i zinc; i nickel 

Nickel alloy for spoons and forks i zinc ; i nickel 

Nickel alloy for knife handles 2 zinc ; 2 nickel 

Nickel alloy in sheets . . 2 zinc ; 2 nickel 

Nickel alloy for models, &c. 5 zinc ; 3 nickel 

Whitemetalforbucklesandbuttons i6brass; 2zmc 

Electric amalgam . . 4 mercury ; 2 zinc 

Electrum ... y\ zinc ; 8| nickel 

Queen's metal i bismuth 

Britannia metal . 

Type metal 
Stereot3rpe metal 
Imitation platinum 
Tutenag 

Metal for medals 

Alloy for fusible plugs,softens at 3 66®,melts at 3 72°F. 
Alloy for fusible plugs, „ 373® „ 383° 
Alloy for fusible plugs, „ 378'' „ 388** 
Alloyfor fusible plugs, „ 396® „ 408° 
Alloy that expands in cooling . . i bismuth 
Alloy that melts at boiling water heat, 212^ F., 

used for taking impressions • . 8 bismuth 
Alloy that melts in hot water . i zinc ; i bismuth 
Standard silver . . • • ^2\ pure silver 



2 bismuth 

8 pale brass ; 5 spelter 

I bismuth 



NuiiBBs OP Pasts op 



Tin. 



8 

2 
I 
I 

2i 



90 
94 

• •• 

... 

• • . 

• •• 

5 

100 

50 

79 

50 
76 

64 

... 

• •■ 
... 

... 
I 
I 
I 

• . . 

9 

10 



Copper. 



2 

6 

2 
2 
2 
2 



••• 
••• 



35 
I 

I 

5 

3 
I 

60 



••• 

• a. 



2 
2 



n 



10 



17 



• . . 

... 

• •a 

• a . 

• a. 

• •• 

• aa 

7\ 



Anti- 
iDooy. 



I 

2 



7 

5 
I 

••• 

• a a 

• •a 

2 

a. . 
I 

4 



... 

a aa 



I 
I 

2 



• aa 

• •• 

• •• 



Lead. 



I* 



• ak 
I 



8 

• •• 
■ aa 

10 
3 

• •• 

• •• 

I 

• •• 

30 

• •• 

• aa 

16 



• aa 

• aa 

5 

• aa 

• aa 



II 
18 

• •• 

• •• 
aaa 

3 

6 

7 
8 






• •• 
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Table 77. — ^Melting Points of Alloys and Metals, &c.| from the 
Experiments of Pouillet, Claudel, Sec, and Freezing Points of 
Liquids, &c. 



Tin. 


Lead. 


Bismuth. 


Melts at 


Tin. 


Lead. 


Mdtsat. 


Metals, &c 


Melts aL 




Fahr. 


Fahr. 




Fahr. 


2 


3 


5 


199^ 


22 


4 


380° 


Platinum . . . 


3080° 


I 


I 


4 


201° 


4 


S 


390° 


Wrought iron 


2912° 


3 


5 


8 


212^ 


8 


II 


400° 


Nickel . . . 


2810° 


3 


7 


8 


220° 


16 


25 


410° 


Steel, maximum . 


2552° 


2^ 
02 


8 


8 


230° 


4 


7 


420° 


Steel, minimum . 


2372° 


5 


8 


8 


240° 


8 


15 


430° 


Pure gold . . 


2282° 


7 


8 


8 


250° 


4 


8 


440° 


Cast iron 


2190® 


8 


9 


8 


260° 


8 


17 


450° 


Gk>ld coin . . 


2156° 


8 


12 


8 


270° 


4 


9 


460° 


Copper. 


2050° 


8 


13 


8 


290° 


4 


10 


470° 


Pure silver . . 


1830^ 


14 


14 


8 


300^ 


8 


23 


480" 


Bronze . 


1600° 


8 


16 


8 


310° 


4 


14 


490° 


Brass . . . 


1650° 


24 


20 


8 


320° 


8 


33 


500° 


Aluminium . 


1300° 


24 


26 


8 


330° 


4 


19 


Sio" 


Antimony. . . 


810° 


8 


4 


• • • 


340° 


4 


25 


520" 


Zinc 


773! 


lOi 


4 


■ ta 


350° 


4 


30 


530° 


Lead . . . 


620^ 


13 


4 


■ (• 


360° 


5 


38 


540° 


Bismuth 


507° 


17 


4 


• • • 


370^ 


4 


48 


550" 


Tin . 


446*^ 












1 


Cadmium 
Sulphur . . . 
Beeswax, white 
Beeswax, yellow . 
Stearine . 109° to 
Phosphorus . 
Tallow . . . 
Oil of turpentine . 
Ice of strong brandy 
I snow and i salt . 
Mercury 
Mercury boils 


442^ 
239' 

142*^ 
120^ 

109** 

14° 

7" 
0° 

,■66? 


Acetic acid congeals at . 

Olive oil „ 

Water freezes at . 

Milk 

Vinegar „ 

Sea water „ 

Strong wine freezes at . 

Mercury congeals at 

Greatest artificial cold . 

Phosphorous burns . 


• • 

• • 

• • 

• • 


50° Fahr. 
36° » 

K " 
30° .. 

28" „ 
28° „ 
20° „ 

-39: .. 
-43° » 



Tomperatiire of FnmaoeSf 9sc, — ^When the fire is at red heat = 
1,300; at cherry red heat = 1,700; at orange colour = 2,000; at bright 
white heat = 2,500; and at a dazzling white heat =: 2,800 degrees 
Fahrenheit. Temperature of the hot blast for melting iron, from 900 to 
1,200° F. Welding heat of iron, 2,700° F. Iron is bright red in the dark 
at 752° F. Iron is red in daylight at 885° F. Metals are red in daylight 
at 1,077** F. Wrought iron boils at 5000** F. : cast iron at 3,350** F. ; sul- 
phur at 570** F. ; and phosphorus at 556® F. Temperature of Bessemer 
furnace, 4,000** F. ; puddling furnace, 3,500** F ; cupola, 3,000** F. ; com- 
mon fire, 790** F. ; of ignition, 637** F. ; of common oven, 460** F. ; disin- 
fecting chamber for clothing, 240^ F.; laundry drying rooms, no** to 
150** F. ; ot the human body, 98^** F. ; and of a comfortable room, 76° F. 
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wlimi liot are weaker than when cold. Iron loses strength by 
every increment of heat above 550^ F. Copper loses strength by every 
increment of heat above 32^ F., the loss of strength being 5 per cent, at 
212**; 20 per cent, at 450®; 30 per cent, at 600°; 50 per cent, at 800°; 
75 per cent, at iioo^ ; and at 1335^ it loses all tenacity and becomes a soft, 
viscid mass, although it does not melt until it reaches 2050° F. 

Table 78. — Shewing in Successive Order the Properties of Metals, 
VIZ. : — Malleability, being beat into thin plates ; 
Ductility, being drawn into wire ; 
Tenacity, resistance to pulling asunder. 



Malleability. 


Ductility. 




Gold. 


Gold. 


Wrought iron. 


Silver. 


Silver. 


Wrought copper. 


Copper. 


Platinum. 


Platinum. 


Tin. 


Wrought iron. 


Silver. 


Cadmium. 


Copper. 


Gold. 


Platinum. 


Zinc. 


Yellow brass. 


Lead. 


Tin. 


Cast iron. 


Zinc. 


Lead. 


Zinc. 


Wrought iron. 


Nickel. 


Tin. 


Nickel. 


Palladium. 


Bismuth. 


Palladium. 


Cadmium. 


Lead. 



SOLDERS. 
Table 79. — Solders for Soldering and Brazing. 



SoftSoIdevB. 


Parts of 
Tin. 


Parti of 
Lead. 


Put! of 

Biimutfa. 


Melts at 


Bismuth solder 


3 


5 


3 


Fahr. 
202** 


Bismuth solder 


2 


2 


I 


220^ 


Bismuth solder 


2 


I 


2 


236*' 


Bismuth solder 


I 


I 


I 


254" 


Bismuth solder 


3 


3 


I 


310** 


Bismuth solder 


4 


4 


I 


320^ 


Tinman's coarse solder 


3 


2 




334*^ 


Tinman's fine solder . . . . 


2 


I 




340° 


Plumber's fine solder .... 


I 


2 




441" 


Plumber's coarse solder . . . . 


I 


3 




482" 


Solder for soldering lead 

Solder for soldering tin . . . . 

Solder for soldering pewter . 

Soft solder for soldering pewter . . 

Hard solder for soldering pewter . 


I 
I 
2 

3 

2 


2 
I 
4 

T 


3 
I 


• •• 

• •( 

• •* 

■ •• 

• •• 



expands considerably during solidification. 
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In preparing solders, to prevent oxidation, soft solders should be melted 
under tallow, and hard solders under a thick layer of powdered charcoal. 

Fliizofl fbr sold«riiig. — For iron or steel, borax or sal-ammoniac ; for 
tinned iron, resin or chloride of zinc. For zinc, spirits of salts : for lead, 
tallow, or resin : for lead and tin pipes, and for pewter, resin and sweet 
oil : for copper, gun-metal, brass, silver, &c., borax or chloride of zinc. : 
for aluminium, paraffin. 

Pinliihiiig aad Bvmiflhing Giin Metal aad other Metals. — It 
is frequently requisite to give a very high finish to metals: for in- 
stance, to prepare them for receiving a coating of silver or nickel-plating. 
This is accomplished by burnishing the articles on buffs revolving at 
a high speed, for which purpose the following bufEs and burnishing 
compositions are the best. 

Bmrniehing Bronse, Giin-Metal, Braes, Copper, aad White 
MetaL — The articles, after being well polished with a fine powder, made 
from old burnt plumbago crucibles, are finely polished by buffing on a 
leather buff, with rottenstone and oil, or crocus powder and oil, and are 
then burnished, by buffing with finely-powdered unslacked lime, or dry 
crocus powder, on a calico buff. 

Burnishing Iron aad Steel Articles. — The article, after being 
highly polished with fine emery, is burnished by buffing on a leather buff, 
first with glass-cutters' sand and afterwards with Trent or finer sand. 

BnfEi."- Calico buffs are made by cutting a great number of pieces of 
coarse calico into discs ; f hey are then firmly pressed together, and screwed 
up on a mandrel, with a nut at each end, between two thick leather discs, 
with a brass washer at the end of the leather. 

Leather buffs are made of a number of discs of walrus hide glued 
together to the required thickness, and firmly clamped until the glue is 
set, when they are turned up true, on a mandrel having a nut and washer at 
each end. 

Finishing Brass Work hy Aeids. — Intricate brass work, which cannot 
be finished in the ordinary way, is finished in the following manner by 
acids, — ^viz., the work is first cleansed by heating and dipping in washing 
soda and water, and afterwards well rinsed in clean water ; it is next plunged 
for not more than 10 seconds into a solution of water, i part, nitric acid, 
2 parts ; then taken out and plunged, first into clean cold water, and then 
into hot soap and water, and dried in hot sawdust. Boxwood sawdust is the 
best, as it does not contain resin. 

Clouding Brass. — ^A solution of charcoal and water is poured on to the 
surface of highly polished brass, so as to produce circular marks; slate pencil 
may be used to fill in part of the cloud. The work when dry, is lacquered. 

The Weights to the Vew Imperial Standard Wire-Gauge of 
sheet-copper, brass, gun-metal, white metal, zinc, and lead are given at 
pages 290, 291, and the weights of bars of copper, brass, lead, and zinc, 
at page 30i. 
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BLUEING, COLOURING, TINNING, BRONZING, LACQUERING, 
SILVERING AND JAPANNING PROCESSES. 

Blueixig Iron aad Steel Articles. — Fill an iron pan with either clean 
brass filings, sand, powdered charcoal, or mahogany sawdust; heat the 
same to a dull red heat, and pass the article through it, in and out, 
until the required colour is obtained. The article to be well polished, free 
from grease, and not to be touched with the fingers before inserting. The 
higher the polish the better will the colour be. For very light articles, such 
as spectacle frames, hot sawdust is preferable. To take away all traces of 
grease, the articles should be rubbed with powdered quicklime before 
blueing. 

Blueing Iron aad Steel by BoUing. — Place the articles in the fol- 
lowing solution, kept at boiling heat. Dissolve 4 oz. hyposulphite of soda 
in i^ pints of water, and then add a solution of i oz. acetate of lead in i oz. 
of water. 

Brown Tint Ibr Iron aad Steel. — Dissolve in 4 parts of water, 2 
parts of crystallised chloride of iron, 2 parts of chloride of antimony, and 
I part of gallic acid. Apply the solution with a sponge and dry in Uie air. 
Repeat the process according to the depth of colour required. 

Browning Gun Barrela. — ^The barrels to be well polished and free 
from grease, and not to be touched with the hands during the process. Rrst 
rub with powdered quicklime to remove all trace of grease, then apply with 
a sponge one of the following solutions : — 

Solution No. i.-^Mix in i pint of rainwater, | oz. blue-stone; \ oz. 
muriate tincture of steel ; \ oz. spirits of wine ; \ oz. strong nitric acid ; 
\ oz. muriate of mercury. 

Solution No, 2. — Sulphate of copper, i oz. ; sweet spirits of nitre, i oz. ; 
rain water, i pint. 

Solution No, 3. — ^Aqua fortis, \ oz. ; sweet spirits of nitre, \ oz.; tincture 
of muriate of iron, i oz. ; spirits of wine, i oz. ; sulphate of copper, 2 oz. ; 
water, 30 oz. 

Solution No. 4. — ^Tincture of ^"muriate of iron, \ oz. ; spirits of nitric 
ether, \ oz. ; sulphate of copper, 2 scruples ; rain water, \ pint. 

When dry, polish off the rust with a wire scratch brush, and repeat the 
process until the required depth of colour is obtained. After the last appli- 
cation pour boiling water over the barrels, dry, and while still warm polish 
with a little beeswax and spirits. Varnish for gun barrels after browning : 
shellac, \ oz. ; dragons' blood, \ oz. ; rectified spirits, i pint. Warm the 
barrels before applying. 

Browning Iron aad Steel Articles. — Immerse in a solution of tine* 
ture of iodine, with one half its bulk of water. 

Japanning MetaL — ^A coat of thick coloured varnish, called japan, is 
laid on to the metal, and dried by baking in a suitable oven, heated to 
about 300^ F. The high temperature evaporates the solvents of the japan. 
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and causes the residue to adhere firmly to the metal. This process is re- 
peated several times until the required depth of colour, and hardness and 
finish of the surface is obtained. The varnish used consists of, methylated 
spirit, I quart ; shellac, 4 oz. ; resin, 4 oz., dissolved, and coloured with 
one of the following mixtures : /or black colour, 'syith ivory black, or with 
black made of asphaltum, i lb. ; balsam of copaiba, i lb. ; melt and thin 
with hot oil of turpentine. Another black consists of : asphaltum, 3 oz. ; 
boiled linseed oil, i gallon ; burnt umber, 8 oz. ; melt, mix, and thin with 
hot oil of turpentine. Another black consists of: amber, 12 oz. ; as- 
phaltum, 2 oz. ; resin, i oz. ; boiled linseed oil, \ pint ; melt and mix, and 
when cooling add i pint oil of turpentine. Yellow colour, king's yellow 
White colour, white lead, ground up with a sixth of its weight of starch ; thin 
with copal varnish, 
Iron XAcquer. — ^Amber, 12 parts; turpentine, 12; resin, 2; asphaltum, 

2 ; drying oil, 6. Another iron lacquer. — ^Asphaltum, 3 lbs. ; shellac, \ lb.; 
turpentine, i gallon. 

Black Finish Ibr Small Articles of Iron aad Steel. — ^Boil i part 
of sulphur in 10 parts of oil of turpentine, paint the article with it thinly, 
and heat over a spirit lamp until the required depth of colour is obtained. 

Tinning Small Articles of Zron, Braes, or Copper by the Boiling 
Process. — First clean well and pickle in a bath of dilute muriatic acid, 
and rinse well in fresh clean water ; then immerse for a short time, and 
stir with a zinc rod, in one of the following solutions, which must be 
boiling hot : — 

Solution No, I. — ^Ammonia alum, 17J oz. ; soft water, i2\ lbs.; proto- 
chloride of tin, i oz. 

Solution No. 2. — ^Bitartrate of potassa, 14 oz. ; soft water, 24 oz. ; proto- 
chloride of tin, i oz. ; and clean zinc in strips, \ lb. 

Solution No, 3. — Soft water, i gallon; grain tin, 2 lbs. ; cream of tartar, 
i\ lbs. 

Tinning Zinc. — Dip in a solution of distilled water, i gallon; pyro- 
phosphate of soda, 3^ oz. fused protochloride of tin, \ oz. 

Galiranising Iron. — Pickle the articles for 8 hours in water containing 
I per cent, of sulphuric acid, held in a wooden vessel ; then scour well, rinse 
in clean water, and immerse them in a bath of melted zinc, kept covered 
with a layer of melted sal ammoniac to prevent oxidation of the zinc. 

Black Finish Ibr Brass. — Dissolve copper wire in nitric acid, add 

3 parts of water to one of the acid, make the article hot and dip it in the 
solution ; then heat the article over a spirit lamp until the desired depth of 
colour is obtained, and give one coat only of lacquer. 

Black Finish Ibr Brass. — Reduce nitrate of copper to the oxide, warm 
the metal slightly and apply with a brush, and then heat the article until the 
required depth of colour is obtained. 

Black Finish for Brass. — ^Make a strong solution of nitrate of silver 
in one dish, and of nitrate of copper in another ; mu the two together, and 

R 
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plunge the brass Into it ; remove and heat the brass evenly, until the reqmred 
depth of colour is obtained. 

Blaok nnish for Brass. — ^Another way is to immerse the brass until it 
turns black in a mixture of : — ^white arsenic, i lb. ; sulphate of iron, i lb. ; 
hydrochloric acid, 6 lbs. ; when the required depth of colour is obtained, 
rinse well in water, dry in sawdust, polish with black lead, and lacquer. In 
some cases brass is simply blackened by laying on a mixture of vegetable 
black and french polish. 

Another way to blacken brass is, first to polish it with tripoli, then wash 
it with a mixture of i part of nitrate of tin and 2 parts of chloride of gold ; 
allow this wash to remain for nearly a quarter of an hour, and wipe ofF with 
a linen cloth. 

Broniing BraM, Copper, aad other Metals. — Copper bronze: — 
fuchsin, 10 parts; aniline purple, 5 parts; methylated spirit, 100 parts; 
heat, and, when solution takes place, add benzoic acid, 5 parts ; next boil 
the whole for 10 minutes, or until the colour of the mixture changes to 
bronze colour. 

▲ntigue Bronie can be imitated by using the following mixture : — 
muriate of ammonia, or sal ammoniac, } oz. ; salts of tartar, or carbonate of 
potash, 1 1 drachms ; vinegar, i quart. Apply with a sponge and repeat 
several times until the proper tint is obtained. Brown, and every shade to 
black : use a mixture of 5 drachms nitrate of iron in i pint of water. Choco- 
late colour is obtained by steeping iron wire in aqua fortis for a quarter of 
an hour before dipping ; then dip the brass in the same. 

Oliinese Bronie. — Powder and make into thin paste with vinegar, ver- 
milion, 2 oz. ; verdigris, 2 oz. ; alum, 7 oz. ; sal ammoniac, 5 oz. ; after 
using, gently warm the article ; afterwards wash and dry, and repeat the 
process until the required tint is obtained. By adding a little blue vitriol 
to this mixture a chestnut brown is obtained, and a little borax gives a 
yellow tint. 

Lacquering. — ^This process is varnishing metals to protect their colour. 
The work is first thoroughly cleaned, and then pickled for two hours in a 
pickling solution of 3 parts water and i part nitric acid, contained in an 
earthenware vessel, and afterwards scoured with fine sand and water, applied 
with a brush. 

Dipping Brass. — ^After pickling, the work is dipped for 3 seconds in 
pure nitric acid, and afterwards instantly plunged into a solution of whiting 
and water, or of water and common washing soda, which removes the acid, 
and the work comes out a fine gold colour ; next dry and lacquer. The 
work should be held with tongs made of brass, when dipping. The lacquer 
to be warmed and applied with a camel's hair brush to the work, which 
should be previously heated to 212°. 

Dissolving Metals. — Copper, bismuth, nickel and zinc, dissolve in 
nitric acid. Lead and antimony, dissolve in a solution of nitric add, 
I part ; hot water, 2 parts. Tin dissolves in hydrochloric acid. 
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Table 81. — Composition of Lacquers. 



Shellac . 
Mastic . 
Canada balsam 
Spirits of wine 
Simple pale lacqt 
Dragon s blood 
Annatto . 
Turmeric . 
Gamboge 
Safiron 

Cape aloes . 
Sandarac 
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To remove lacquer from brass, boil for 20 minutes in a solution of 
water, i gallon ; potash, ^ lb. ; withdraw and plunge into cold water. 

SilTeiixig Braesy Troth and other Metals. — First clean and pickle 
the articles in the same way as for tinning, as given above, then immerse 
them for a few seconds in a solution of cyanide of silver. Another process 
is : heat i oz. nitric acid until it boils, then add a few pieces of silver ; as 
soon as they are dissolved add a handful of common salt to kill the acid, 
then make it into a paste with whiting, and apply with water and wash leather. 
Another process is : mix i part of dry chloride of silver, finely powdered, with 
3 parts of pearl ash, i part of chalk, and imparts common salt; rub on with 
water and wash leather. 

Gilding BraM, Bronse, and Other Metals.— Apply the following 
mixture at boiling heat : — cyanide of potass, 2^ lb. ; carbonate of potass, 
5 oz. ; cyanate of potass, 2 oz. ; the whole diluted in 5 pints of water, con- 
taining in solution ^ oz. chloride of gold ; and afterwards varnish the gilt 
surface. 

To Whiten Silver. — Boil in a solution of : — i part cream of tartar ; 
2 parts common salt, and 50 parts water. 

To Dead-Whiten Silver. — ^Boil in a solution of alum and water until the 
desired tint is obtained, and wash well with a brush in hot water with soap 
and carbonate of soda. 

Silver Paint. — Gum lac is dissolved in 4 times its volume of alcohol, 
and to this thick solution, silver powder is added, in the proportion of 
I part powder to 3 of the solution. The surface to be coated, is covered 
with Spanish white, the metallic mixture is applied with a brush, and 
when dry, is burnished with a steel or stone burnisher. Bronze gold, or any 
other metal powder, may be used in the same way. 

Whitening BraM. — Make a mixture of 2 lbs. grain tin, i| lb. cream 
of tartar, and i gallon of water ; boil and immerse the brass for a few minutes 
at a boiling temperature. 

Frosting Silver^ — ^Apply with a brush, a solution of water half a pint ; 

cyanide of potassium, i ounce. 

R 3 
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3«aoquer Varnish I6r Colonzing Metals. — ^Mix turmeric andannatto, 
with lac varnish, to the required depth of colouri 

Zinking, or Coating Small Articles with Zinc. — First clean and 
pickle, next dip the articles in a mixture of zinc dissolved in hydrochloric 
acid, to which a little sal ammoniac is added ; then dry and dip in melted 
zinc and shake off the superfluous metal. 

Coppering or Broniing Iron and Steel Articles. — Clean and im- 
merse in a solution of sulphate of copper, 3I oz. ; sulphuric acid, 3^ oz. ; 
water, i gallon. 

Tinning Iron and Steel. — Clean and immerse in hot oil or tallow, and 
then immediately dip into melted tin. 

Moire MetaJ. — Clean and heat the tin over a clear fire, until water will 
fizz on its surface ; then dip it quickly into a mixture of — water, 4 parts ; 
muriatic acid, i part ; nitric acid, i part ; rinse in water, dry quickly in hot 
sawdust, and varnish while hot. 



HARDENING, SOFTENING, AND TEMPERING PROCESSES. 

Case-hardening Wronght-Xron. — Pack the articles to be hardened, 
in a box, filled to the top with small pieces of bone and wood charcoal, and 
a few pieces of burnt leather, the heaviest articles to be placed at the bottom 
of the box. Make the lid of the box tight, with a lute of equal parts of clay 
and sand. Subject for 10 hours to a red heat in a furnace, and quench the 
articles in water. 

Note. — ^Articles to be case-hardened before placing in the box, should 
have the threads of screws and nuts, and other parts which require to be 
left soft, plugged with clay. 

Sardening Wronght-Iron with Potash. — ^This process only hardens 
to a very slight depth. Heat the article to a bright red, rub the surface 
well over with powdered prussiate of potash, or with a mixture of 3 of 
prussiate of potash, to i of sal ammoniac reduced to powder, and allow it 
to cool to a dull red, then quench in water. By repeating the process, a 
slightly deeper hardening will be obtained, but it is much inferior to case- 
hardening. 

To harden Malleable Cast-iron. — Heat the article to a bright red, 
rub the surface well over with a mixture of equal parts of potash, saltpetre, 
and sulphate of zinc, allow it to cool to a dull red, and quench in water. 

To harden Cast-Zron. — Heat the article to a bright red, and quench in 
a mixture of 3 gallons of water, | pint oil of vitriol, and 2 oz. saltpetre. 

Another mixture for quenching consists of salt water 10 gallons, salt 
I peck, oil of vitriol J pint, saltpetre J lb., prussiate of potash J lb., cyanide 
of potash \ lb, ; by repeating the process cast-iron may be made harder. 

To harden Cast-Zron. — Another process is to heat to bright red, and 
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rub the surfaces with a mixture of equal parts powdered prussiate of potash, 
saltpetre and sal ammoniac. Allow the article to cool to red heat and 
quench in a mixture — 4 oz. sal-ammoniac and 2 oz. prussiate of potash per 
gallon of water. 

To anneal or soften Finished Iron or Steel Work. — Lute an iron 
box with clay, and place the articles in the box, full of turnings or borings, 
of the same metal as the articles are made of. Make the lid of the box 
tight with a lute of clay. Heat slowly to a red heat in a furnace, and let the 
fire die out. 

To soften Steel Porgings, te. — Heat to a low red heat, and cool in 
lime or whiting. 

To soften Steel Forgings, or Sard Steel or Iron. — ^Another process 
is to pack the articles in a box full of whiting or iron borings, make the lid 
of the box tight with a lute of clay, heat to a low red heat in a furnace for 
4 hours and let the fire die out. 

To drill Hard Steel. — Heat the drill in a charcoal fire, and quench in 
mercury. Moisten the work when drilling with a mixture of turpentine and 
camphor. 

To soften Chilled CasUron. — Heat the article to nearly white heat, 
and cover it with a good depth of small coal, and let it remain until cold. 

To soften small Castings of hard Cast-Zron.^— Pack them in a box 
of fine coke screenings, put a thin layer of fine sand on the top well 
damped, heat in a furnace to a low red heat and let the fire die out ; or 
they may be softened to a slight depth by steeping for 24 hours in i part 
aqua fortis to 4 parts of water. 

Kalleahle Cast-Zron. — ^The articles are first cast in cast iron, and 
malleableised, — by burning off the carbon combined with the iron from which 
the castings were made, — ^by a process of annealing. The iron used is a 
white hematite metal. No. 5 brand, which contains little carbon. The 
castings are first cleaned, and then packed into iron boxes, with alternate 
layers of either fine iron scales, from rolling mills, or powdered hematite 
ore. The boxes are closed at the top with a mixture of sand and clay, and 
are next placed in an annealing oven, where they are kept under an equable 
red heat for from 7 to 14 days if the castings are light, and for about 21 
days if they are heavy. 

Welding Cast-Steel. — ^Mix borax 10 parts, sal ammoniac i. Simmer 
over fire for i hour, or until clear, pour out, cool, and reduce to powder. 
Heat the steel in a coke fire, to bright yellow heat. 

Welding Cast-SteeL — ^Another mixture is, powdered limestone 6 parts, 
sulphur I part ; and another mixture is, borax 10 parts, sal-ammoniac 2, 
sulphur I part. 

Bestoring slightly hnmt Cast-SteeL — ^Borax, i^lb.; sal-ammoniac, 
^ lb. ; prussiate of potash, i lb. ; resin, i oz. ; powder and mix with i gill 
each of water and alcohol. Boil for a short time to a paste, dip the hot 
steel in the mixture, and slightly hammer. 
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To difltingviidL Steel ttom, Xron. — ^Nitric acid does not affect iron, 
but produces a black spot on steel. The darker the spot the harder the 
steel. 

To harden EABUuem and other Tools. — ^Bone dust, 2 parts; common 
salt, 3 ; burnt leather shreds, r ; prussiate of potash, i part. Heat to a 
cherry red and plunge into this compound. 

To harden a Drill to drill Glass. — Heat to cherry red, and quench 
in mercury : when drilling moisten with turpentine and a little camphor. 

To soften Copper and Brass, Gold and Silver. — Heat to a low red 
heat, and quench in a solution of salt and water. 

Hardening Steel Tools. — ^To obtain the best results, the steel should 
be heated in a charcoal fire. Heat to a cherry red, and dip about an inch 
deep in tepid water, rub the hardened portion with a piece of sandstone, 
the heat in the uncooled portion will be quickly transferred to the point 
just cooled, and by watching the colour any degree of temper may be 
obtained. Chisels for chipping iron, should be tempered, or lowered to a 
dark straw colour ; turning tools for wrought iron, to a pale straw colour ; 
turning tools for cast iron, should be made as hard as water will make 
them ; shear blades and punches should be lowered to light purple colour ; 
turning tools for brass, to a straw colour; turning tools for wood, to a dark 
straw colour ; taps and dies, rhymers and circular cutters for milling and 
wheel cutting machines, each to a light brown colour. 

To harden Trowels, Saws and various Steel Articles. — Quench 
in one of the following mixtures : — 

Mixture No, i. — Sperm oil, i gallon; beef suet, i lb.; neats' foot oil, 
^ pint ; pitch, i oz. ; black resin, 3 oz. ; melted, mixed and cooled. 

Mixture No, 2. — Sperm oil, i gallon ; tallow, 2 lb. ; wax, \ lb. This 
mixture is only suitable for very small steel articles. 

Mixture No, 3. — Sperm oil, i gallon; tallow, 2 lb.; wax, \ lb.; resin, 
lib. 

Mixture No, 4. — Sperm oil, 20 gallons ; tallow, 20 lb, ; ox foot oil, 
10 gallons ; pitch, i lb. ; resin, 3 lb. 

Melt the pitch and resin before adding the other ingredients. Mix and 
heat the whole in an iron pot ; when sufficiently heated it will catch fire 
when a light is held near it. The flame is put out by placing a lid on the pot 
These mixtures make the steel very hard and brittle ; and to temper the 
same, wipe a portion only of the composition off when the article is with- 
drawn from the bath, then hold it over a coke fire till the grease ignites, 
and blaze off a small portion only if the article is required to be hard, 
and a larger amount if required to be softer. 

Harciening Tools and Cutters. — ^Tools when heated to a cherry red 
and quenched in one of the following solutions are less liable to crack, and 
give better results, than when quenched in water. 

Hardening Solution No, i. — Soft warm water, i gallon ; salt, \ pint. 
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Hardening Solution No, 3. — Make a solution of water, salt, and 
nitrate of iron. Keep at 60 degrees temperature. 

Hardening Solution No, 3. — To i bucketful of water, add i gill vitriol. 

Hardening Solution Nd, 4. — ^To i bucketful of water, add a handful of 
slaked lime. 

Hardening Solution No, 5. — ^To 3 gallons rain water, add 3 oz. spirits of 
nitre, 3 oz. hartshorn, 3 oz. white vitriol, 3 oz. sal-ammoniac, 3 oz. alum, 
6 oz. salt, 2 handfuls of shreds of leather partly burnt ; this solution is used 
for hardening chisels, for dressing French burr stones. 

To hfcrden Cbiflels for cutting Granite and MarUe. — Heat to a 
cherry red and quench in a mixture of whale oil, i gallon ; resin, 2 lb. ; 
beeswax, i lb. ; melted and mixed. 

To hftTton Oravars and Drilla fbr cutting Tory hard matariala. — 
Heat to cherry red, and quench in one of the following : — ist. Mercury ; 
and. Plunge into sealing wax, withdraw quickly, plunge in a fresh place 
and repeat the process until the drill is cold ; 3rd. Plunge repeatedly into 
either yellow soap, or beeswax, until the drill is cold ; 4th. Drive repeatedly 
into lead, until the drill is cold. 

Hardening Steel Spiral Springs. — Spiral springs may be heated in 
a melted alloy, composed of 1 2 parts lead and i tin, until they are of the same 
temperature as the alloy (which should be just fluid), or they may be placed 
inside a gas pipe and heated in a fire, the pipe should be turned round 
frequently in the fire until they are uniformly heated to a cherry red; long 
springs should be placed on a mandrel before heating, otherwise they are 
liable to bend and become irregular in the coils ; slight springs should be 
quenched in oil; medium thick springs in hot water about 60 degrees 
temperature, with a film of oil on the top of the water ; and thick springs 
in water only, heated to 70^ Always plunge the spring endways, and do not 
take out until quite cold. 

To temper Springs. — Smear them over with a composition of sperm 
oil, I gallon ; rendered beef suet, 1 lb. ; neatsfoot oil, i gill ; resin, J lb. ; 
heat uniformly by holding them inside a hot pipe until the grease bums 
uniformly upon all parts and the grease bums off with a blaze; if the grease 
on the ends takes fire sooner than that on the middle, cool the same with 
grease and blaze again. Thick springs require to be repeatedly dipped in 
the grease and blazed, and unless the blazing is uniform the temper will 
not be uniform. When the blazing is finished and a uniform blue colour 
is obtained, finally quench in oil. 

Tempering Steel Tools. — ^When steel is hardened to the hardest 
degree, as at the first quenching, it is comparatively weak and brittle, and 
to strengthen the steel it is necessary to lower the degree of hardness by 
re-heating, during which process as the temperature rises, the polished 
surface assumes various shades of colour, which indicate various degrees of 
temper, and the colours change successively according to the following 
table ; when the desired colour is reached the tool is then quenched. 
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Table 82. — ^Temperature vor tempering Steel Tools. 



Temper Colour. 



Description of Toob. 



Tmpcni- 
tore. 



Fahr. 



Allot VROsi 

Fusing 
Point is or 

THK SAMB 

TSMPERA- 

TUSX. 



Tin. Lead. 



Very faint yellow 
Pale straw yellow 
Straw yellow . 
Dark straw yellow 
or orange . 

Light brown . 

Brown yellow . 

Red .... 
Light puiple . 

Dark purple . 

Bright blue 

Full blue . . 

Darker Blue . 

Dark blue . . 



t 

{ 
{ 



Lancets and instruments . 
Turning tools for metal . . . 

Razors 

Penknives and chipping chisels 

for hard cast iron . . . 
Taps and dies; rhymers; shears 

and scissors .... 
Hatchets ; chipping chisels ; and 

other percussive tools . . . 
Carpenter's tools in general 
Saws ; shear blades and punches 
Fine watch springs and table 

knives 

Swords and lock springs . . 
Daggers ; .fine saws ; and needles 
Springs and augers . . . 
Soft, for common saws 



420" 

430^ 
450° 

470° 

490° 

500** 
510° 
520° 

530^ 

560° 
570° 
600° 



4 
8 

8 



8 

4 

4 

4 

4 



7 
15 
17 

10 
14 

33 
19 
«5 

32 
48 



Tempering by 

into a vessel conta 



the Thermometer. — Put the articles to be tempered 
ning sufficient oil, or tallow, or sand to cover them (or 
use one of the alloys given in the above table), then heat the whole 
uniformly to the required degree of heat (shown by a suitable thermometer) 
corresponding to the hardness required, then withdraw and quench. If no 
thermometer is available, and oil or tallow is used, these begin to smoke at 
430° — or pale straw yellow — and go out when the light is withdrawn at 570° 
or darker blue of the above table. 

. The degree of Temper which a tool will take depends upon the 
proportion of carbon contained by the steel. The following is the usual 
percentage of carbon in steel : — 



Description of Steel. 


Carbon 
percent. 


Description of Steel. 


Carbon 
percent. 


Surgical instruments . 

Razors 

Tool steel for chilled rolls . 
Saw files ; gravers, &c. • . 
Tools for cutting very hard 1 
metals . . . ) 
Tools for cutting metals . 
Shears ; cutlery, files . . 
Smiths' tools ; dies, &c. 


1-48 

1-45 
1*40 

i'35 

1-30 

I'25 
I'20 

ri5 


Carpenter's tools ; cutters. 
Chisels and hatchets . . 
Shears; setts and springs . 
Forgings for shafts, &c. . 
Steel rails 

Forgings for shafts; tyres 
Boilerplates . . . 
Ship plates and boiler *) 
plates . . .) 


I'lO 

I'OO 

•80 

•50 

•40 

*33 
•25 

*20 
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HARDENING AND TEMPERING TAPS, RHYMERS AND CUTTERS. 

The qualitj of Steel being much improved by hammering, taps, 
rhymers, and cutters should be forged to the proper size, to allow for turn- 
ing. Steel of medium grain should be used, and they should not be 
softened with their skin on, otherwise they will warp when hardened, owing 
to the tension caused by forging ; to remove the tension, they should be 
roughly turned all over, before softening them. The process of softening 
equalises the grain of the metal, and is best performed, by enclosing 
the taps and rhymers in a piece of wrought-iron gas-tubing, filled with 
wrought-iron turnings, the ends of the tube being plugged up with clay ; 
the tube is then made red hot, and is allowed to cool slowly, by leaving it 
covered up with hot ashes for 1 2 hours. 

To hfcrden Tape. — First slightly warm and rub them all over, with a 
mixture of Castile soap and lamp black, which preserves the edges from 
being burnt, then place them in a wrought iron pipe, say } inch thick, filled with 
charcoal dust, plug the ends of the tube with clay, and heat it uniformly by 
turning it round occasionally in the furnace, until it comes to a cherry red 
heat, then carefully withdraw it from the furnace, knock the plug out of one 
end of the tube, and drop the contents vertically, into a solution heated to 
60^, of I gallon rain water ; i lb. salt ; and allow them to remain therein, 
until they become quite cold : if they are taken out of the water during cooling 
they are liable to crack. Care should be taken to keep the taps perpen- 
dicular when in the water, as if allowed to fall sideways they will warp. 

To temper Tape. — After hardening, polish and then temper as follows : — 
A wrought iron hoop — of a diameter inside, equal to double the diameter of 
the tap — and in thickness, not less than the diameter of the tap, — and in 
depth, aboutione- half the length of tap, — ^should be uniformly heated to a cherry 
red heat, then warm the jaws of a pair of tongs, and hold the square of the 
tap in the tongs, and pass the tap right through the hoop, leaving only the 
square part of the tap inside the hoop. The tap should then be turned slowly 
round, until that end becomes slightly heated; the shank and the screw part 
should then be moved slowly backwards and forwards through the hoop, 
and at the same time turned slowly round, until evenly coloured, and when 
it reaches a light brown colour, the tap should be quenched perpendicularly 
in oil. The square end of the tap, should be lowered to a deeper colour than 
the screw part. 

To harden and temper Shymers. — Proceed the same way as for 
taps ; or they may be heated in molten lead and quenched in die same 
solution as the taps ; the advantage of heating them in molten lead, is, that 
the outside can be properly heated, before the metal at the centre is red hot, 
and the metal at the centre will be sufiiciently soft, to allow of the rhymer 
being straightened after hardening ; should it have warped during hardening, 
to straighten it, lay it on a block of lead with the arched side upwards, place 
a copper drift in the uppermost flute, and strike the same with a hammer. 
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To liftTflim Cireiilar Cvtters for milling machines and wheel-cutting 
machines, and similar cutters, having a hole through the centre. It is neces- 
sary when quenching, to prevent the water from getting to the centre of the 
hole too soon, otherwise it will cool more rapidly than the body of the 
cutter, and will crack ; to prevent this, protect the hole with a bolt and two 
turned washers ; the bolt should be less than the diameter of the hole, and 
the washers should be moderately tightened. In cases where it is not con- 
venient to use a bolt and washers, the hole should be plugged with a mixture 
of clay and finely sifted iron borings. Then warm the cutter slightly and mb 
the cutting edges over, with a mixture of Castile soap and lamp black, and 
heat it in a charcoal fire, to a uniform cherry red heat, and quench it edge- 
ways in a solution of i gallon of rain water and i lb. of salt. To temper 
these cutters hold them over a piece of hot iron, until they arrive at a light 
brown colour, and quench in oil. In preparing these and all kinds of 
cutters, they should be turned before annealing, and they should neither be 
straightened nor bent after annealing. 



PRODUCTION AND CONVERSION OF STEEL. 

Steel is a compound of iron with from 0*5 to 1*5 per cent, of its weig^ 
of carbon, the more carbon it contains the harder the steel is. The quality 
of steel depends upon the purity of the materials, tbt quality of the 
workmanship, and the care taken in its production. 

Bessemer Steel is made from pig iron, by passing a strong blast of air 
through the molten metal, which removes the carbon and purifies the metal, 
the residue being malleable iron in a melted state ; a small quantiQr of 
spiegel-eisen is afterwards run into the vessel. The steel thus produced is 
run into ingots, which are hammered and rolled like blooms of wrought-iron. 

Blietez^Steel is made by a similar process to case-hardening, called 
cementation. A number of bars of best wrought-iron are embedded in 
layers of charcoal — contained in a trough — and are subjected to a 
temperature of about 20CX}^ F. in a suitable furnace for 4 days for spring 
steel, 8 days for shear steel, and 12 days for chisel steel. Each bar absorbs 
carbon, and is converted into steel at the surface, and into steely iron at the 
interior of the bar. 

Cast Steel, is the strongest steel. Small pieces of blister-steel are 
melted in a crucible, with the proper quantity of carbon and manganese. 

Shear SteeL Short bars of blister-steel are tied in bundles to form a 
fagot, which is heated and welded with a quick speed tilt-hammer, and 
afterwards re-heated and hammered into a bar. To make double shear 
steel, the bar is broken in two and the pieces are welded together. 

Komogeneoiui Metal is made by melting small pieces of best wrought- 
iron in a crucible with the proper quantity of carbon, some spiegel-eisen 
being added when the operation of melting is nearly completed. 
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Bolts and Screws. — ^The width across the flats of the bolt-head, is the 
same as for nuts given in table io8, page 285. The width across the flats 
is approximately equal to j| times the diameter of the bolt added to ^. 
The angle of the triangular thread is 55^, the height of the triangle of 
thread is reduced one-third by rounding one-sixth off the top, and one-sixth 
off the bottom of thread. Depth of thread = the pitch multiplied by '64. 
To find the diameter at the bottom of the thread, multiply the pitch by 1*28, 
and subtract the product from the outside diameter. 

For BorewB with square threads^ the number of threads per inch is 
one-half of the number for triangular threads, and the depth of thread is 
\^ of the pitch. 



Table 90. — Whitworth's Standard Gauges for Watch and 
Instrument Makers, with Screw-Threads for the Various Sizes, x88i 



Number of 
eachsiioin 


Size in decimals 


Number of 
Threads 
per Inch. 


Number of 
eadisize in 


Site in decmuls 


Number of 
Threads 
per Inch. 


thousandths 
of an Inch. 


of an Inch. 


thousandths 
of an Inch. 


of an Inch. 


10 


*OIO 


400 


31 


•034 


150 


II 


•Oil 


400 


36 


•036 


150 


12 


•012 


350 


38 


•038 


130 


13 


•013 


350 


40 


•040 


120 


14 


•014 


300 


45 


•045 


120 


15 


•015 


300 


50 


•050 


1CX5 


16 


•016 


300 


55 


•055 


100 


17 


•017 


250 


60 


•060 


100 


18 


•018 


250 


65 


•065 


80 


19 


•019 


250 


70 


•070 


80 


20 


•020 


210 


75 


•075 


80 


22 


•022 


210 


80 


•080 


60 


24 


•024 


210 


85 • 


•085 


60 


26 


•026 


180 


90 


•090 


60 


28 


•028 


180 


95 


•095 


60 


30 


•030 


180 


100 


•100 


50 


33 


•032 


150 









Conduotiiig Power of Metala fbr Elaotricity at 32^ Fahr. : — 



Silver 100 

Copper 92 

Gold 65 

Zinc 29 

Bronze 22 

Brass 18 



Tin 
Iron . 
Lead 

Platinum . 
German silver 
Bismuth . 



14 
13 

8-3 
8 

5'9 
1-9 



The conductivity diminishes as the temperature increases above 32° F. 
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SECTION VI. 



STRENGTH AND WEIGHT OF MATERIALS; 

WORKSHOP DATA, &c. 

strength of Wrought-Zron. — ^The tensile strength of wrought-iron is 
about four times as great as that of cast-iron ; good wrought-iron should 
be capable of standing the following tensile strains before breaking, in tons 
per square inch of section. 

Tons. 

26^ The safe 
25 working 
24 tensile 
22 strength 
22 I is J of 
21 these 
18 amounts 
20 for general 
17 J purposes. 



Lowmoor or " Best Yorkshire " bar iron . . . . 

Ordinary good merchant bar iron 

Lowmoor or " Best Yorkshire iron " plates along the fibre 
Lowmoor or " Best Yorkshire iron " plates across the fibre 

Ordinary good angle iron 

Ordinary good boiler-plates along the fibre 
Ordinary good boiler-plates across the fibre 
Ordinary good ship-plates along the fibre . 
Ordinary good ship-plates across the fibre 



The strength of wrought-iron to resist a crushing or compressive strain 
is about half that of its tensile resistance, or say 1 2 tons, and its working 
strength in compression free from flexure is one-quarter that amount, or 
3 tons per square inch of section. 

Testing Wronght-Zron. — Good wrought-iron has a fine close-grained 
fracture of silvery grey colour ; inferior quality has a coarse granular frac- 
ture similar to that of cast-iron. The elongation under tensile strain is a 
test of the toughness of wrought iron ; the ultimate elongation after 
fracture of Lowmoor iron plates is about 13 per cent., and of ordinary good 
iron boiler-plates 7 per cent., and of ordinary good ship-plates 5 per cent., 
of their original length when torn along the fibre. Lowmoor or best 
Yorkshire iron plates under \ inch thick, should bend double when cold 
without fracture ; and from | inch to i inch thick, should bend double when 
hot, both lengthways and across the fibre without fracture. The tests for 
ordinary wrought-iron boiler and ship-plates are the same as those used 
by the Admiralty, which are given below. 

Admiralty Tests for Wronght-Zron Boiler^Flates. — ^All boiler- 
plates (with the exception of Lowmoor and Bowling iron, which are not 
tested) must be capable of standing the following test : — 

s 3 
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Tensile strain per square inch lengthways, 21 tons: crossways, 18 tons. 

Forge-Test, Sot. — Plates to admit of being bent hot, without fracture, 
to the following angles. 

Lengthways of the grain, 125®; across, 100°. 

Forge-Testy Cold. — Plates to admit of being bent cold, without fracture, 
to the following angles. 



Thicleness of Plate, In Inches 
Lengthways of the Grain . . 
Across the Grain . 



A and under 
40 



J and A 
30 



I and A 

so. 

90 






Handf 
xo 



Uandf 



90 



U and X lodh. 
X5* angle. 
S* angle. 



Admiralty Test fbr Sliip-PUirtes. — Plate iron, first-class BB. ; tensile 
strain per square inch, lengthwajrs, 22 tons; crossways, 18 tons. 

Forge-Testy Sot. — ^All plates of the first-class, i inch thick and under 
should be of such ductility as to admit of bending hot, without fracture, to 
the following angles. Lengthways of the grain, 125°; across, 90°. 

Forge-Testy Cold. — ^All plates of the first-class, should admit of bend- 
ing cold, without fracture, to the angles given in the above table. 

PUirte-Zron Seoond-clajis B.,' tensile strain per square inch lengthways^ 
20 tons ; crossways, 17 tons. 

Forge-Testy Sot. — ^AIl plates of the second class, i inch thick and 
under, should be of such ductility as to admit of bending hot, without frac- 
ture, to the following angles. Lengthways of the grain, 90® ; across, 60°. 

Forge-Testy Cold. — ^AU plates of the second class should admit of 
bending cold, without fracture, to the following angles. 



Thickness of Plate, in Inches 
Lengthwaysof the Grain . . 
Across the Grain . 



A and under 

75. 
30 



land A 

55. 

ao 



45. 
X5 



iA;! 



3°. 
xo 



Hand! 
90 
5' 



H«ad| 



H and X IndL 
10' angle. 
— angle. 



Steel Boiler-PUirtes are generally made of the mildest quality of 
Bessemer steel, their tensile strength is about one-third greater than that of 
Lowmoor iron, and they should stand the following test before breaking. 
Tensile strain per square inch both lengthways and crossways, 32 tons; all 
steel plates i inch thick and under, to admit of being bent double when hot, 
wichout fracture, and to admit of bending cold, without fracture, to the angles 
given in the table below. The safe working tensile strength, is one-fourth 
the breaking strain, or 8 tons per square inch of section. 



Thickness of Steel Plate,in Inches 
Lengthways of Gndn, Angle 
Across the Grain, Angle . . 



\ and under 



ISO 

too* 



A, 

Z20 



8o* 



70 



* and A I and U 



80' 
60* 



50 



landH 
60 

40' 



I 

30 



Handxlndu 
45" aqgle. 
S5 angle. 
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Steel PlAtes are generally double-riveted, with the best quality of iron 
rivets, slightly smaller in diameter, and closer in pitch, than for wrought- 
iron plates ; steel rivets not being used on account of the liability of the 
heads to fly off from jars, &c. Plates both hot and cold, are tested on a 
true surface-plate, the radius of the corner over which they are bent being 
\ inch, the distance from the edge of the plate to the part bent, is from 3 to 
6 inches. When plates are tested hot, they are heated to an orange colour ; 
the plates are bent down to the required angle by hammering. 

Test fbr Bivets. — They should be made of the toughest quality of 
iron, and admit of being bent double, without fracture, when cold ; the heads 
should admit of being hammered down to ^ inch in thickness without frac- 
turing the edges, when hot. 

Test for Wronght-Zron Bridge-Plates. — ^A piece of plate is cut 
2 inches wide and i inch thick, of sufficient length to have 7 inches under 
tension, the plates being rejected if the extension of the test-piece is greater 
than ^ inch under a test of 18 tons, ^ inch under 21 tons, | inch under 
23 tons, I inch under 24 tons. All bar iron to stand a tensile strain of 
25 tons, per square inch of section, before fracture. 

Biminutioii of Tenacity of Iron Boiler-plates at high temperatures, 
the mean maximum tenacity being at 550° F.=65,ocx) lbs. per square 
inch. From the experiments of the Franklin Institute. 

DiminmioH 
of Tenacity. 

•2010 
•3324 

•3593 
•4478 

•5514 
•6000 

•601 1 

•6352 

•6622 

•6715 

•7000 



Ttmpenivxe. 


of Tenacity. 


Temperature. 




520° . 


. -0738 


824^ . 




570° 


•0870 


932° 




596° . . . , 


•0900 


947° . . 




600° 


•0964 


1030° 




630° . . . 


•1047 


iiii'^ . 




662°. 


. -1155 


1155° . 




722° . 


. -1436 


1159° . . 




732°. . . . 


. -1491 


1187° 




754" . . . . 


• '1535 


"37° • 




766° 


. -1589 


1345° • • 




770° . . . , 


. -1628 


1317° . . 





me iron, 5 times piled, re-heated, and rolled. Tenacity ii^ 1 5, oj 
\. per square inch / ' 



E£EI»ots of Be-heating and Soiling Iron, from the experiments of 
Mr. Clay. 
Fuddled Bar. Tenacity in lbs. per square inch .... 43,904 

The same 

lbs. per square 
The same iron, 1 1 times piled, re-heated, and rolled. Tenacity I , ^q 

in lbs. per square inch / ^^ 

Steel Plates and Bars used in place of wrought iron, to be of equal 
strength, may in a general way be made 20 per cent, thinner than wrought 
iron plates and bars. 
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ROPES AND CHAINS. 

The Breaking Btrain of hemp-ropes, is i ton, for each lb. weight per 
fathom. 

The breaking strain of iron-wire ropes is 2 tons, for each lb. weight per 
fathom. 

The breaking strain of steel-wire ropes is 3 tons, for each lb. weight per 
fathom. 



Table 91. — Size, Weight and Strength of Steel- and Iron-Wire 

Ropes and Hemp-Ropes. 



Steel- WiRK Ropes. 



Iron-Wirb Ropes. 



Hemp-Ropes of Equivalent Stkbngth. 



Circttin; 

ference in 

Inches. 



98 

! 

^8 



a 



If 



a 
3 



; 

1 

8 

a 



Weight per 
Fathom 
in lbs. 



4 



1 

I 

t 



Circum- 
ference in 
Inches. 



4i 
4 

I* 

sS 

3i 

u 

f 

2 

ll 

^8 

2 

I^ 

I; 

I 

k 



Weight per 
Fathom 
in lbs. 



Ctrcum- 

ficrence tn 

Inches. 



12 
II 
10 



9i 
k 

8 

7k 
7 

? 
5 

4i 
41 
4 
3\ 
31 
3. 

2} 

i 

2 



Weight i>er 

Fathom in 

lbs. 



32 

28 

25 

22 

20 
16 

14 
12 

10 

i 



7 

6 

4 

08 



2i 



2 



2 



i 



SafeWoridng 

Load in 

Cwts. 



108 
96 
84 

78 
70 

66 

57 

50 

45 
42 

36 

28 

27 
24 

22 

20 
18 

15 
10 

8 

6 

4 
3 



*2 



Brealdiif^ 

Strain 
in Tons. 



34 
29 

25 

23 
21 

19 

17 

15 

14 

13 
II 

10 



6i 
6 

5 
4 
3. 



li 



i 



Zemp-Sopes. — Tarred ropes are weaker than white ropes, hot-spun 
tarred ropes are stronger than cold-spun, but are not so pliable. 

Wet-Sopes. — ^When a rope is wet, it expands in diameter, and contracts 
in length, owing to the fibres being drawn in by this increase of diameter. 

Samp-Fibres are about a yard in length, the tensile strength of hemp- 
fibres is 6,400 lbs. per square inch of sectional area. 
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Table 92. — Size, Weight, and Strength of Steel, Iron and Hemp 

Flat Ropes. 



Stibl«Wi« Ropbs. 


Iron-Wirs Rons. 


Hbmp-Ropbs 


OP Equivalbnt Strbngth. 




Weight 




Weight 




Weight 


Safe 


Breaking 


Size in 


per 


Sin in 


per 


Size in 


per 


WorUng 


Strain 


Inches. 


Fathom 


Inches. 


Fftthom 


Inches. 


Fathom 


Load 


in 




in lbs. 




in lbs. 




in lbs. 


in cwti. 


Tons. 


3i X I 
3 X 1 


18 


44 X 1 

4t X il 


30 


8} X 2j 

74 X 24 


45 


120 


45 


16 


27 


40 


108 


40 


2i xA 


14 


\ ^ \ 


24 


7 X if 
64 X if 
6 X i7 
si X i\ 

54 X if 


36 


96 


36 


• • • 


... 


3l X J 

34 X H 
3t X 4 
3 X 1 


22 


32 


88 


32 


3j X i 


124 


20 


28 


80 


28 


. • • 


... 


18 


27 


72 


27 


2 X f 
li X i 


10 


16 


26 


64 


26 


8 


2| X A 

2I X Y 


14 


si X i\ 
5 X il 
4 X ii 


24 


56 


24 


• •• 


• . • 


12 


22 


48 


22 


• ■• 


... 


2 X f 
li X 1 


ID 


20 


40 


20 


• •• 


... 


8 


3 X I 


16 


32 


16 



Table 93. — ^Weight, Working Load, Proof Strain and Breaking 

Strain of Chains and Cables. 



SmorT'Link ox Cranb-Cmain. 



Stud-Link Chain-Cablb. 



Diameter 

of Iron 

in the 

Chain in 

Inches. 



a 

V 

s 

8 

8 
-^ 

\^ 

*8 

T > 

It 



Weight 

per 

Fathom 

in lbs. 



5a 

8 

loi 

13 
17 
22 

26 

36 

42 

49 

55 
60 

68 

76 

84 
102 
120 



Safe 
Working 

Load 
in Tons. 



IS 

To 

I 

*8 
3l 




Proof 
Strain 

in 
Tons. 



;J 



1 



4l 



b8 



6 

98 
lOf 

12 
14 

i5i 
i6[ 

i8j 

22j 

27 



Breaking 

Strain in 

Tons. 



Diameter 

of Iron 

in the 

Chain in 

Inches. 



i. 
2 
Sl 

I 

i 

8 



i 
1 
1 

8 

2 

2^ 

2t 
24 

2i 



Weight 
per 

Fathom 
in lbs. 



i3i 

21 

30 
42 

54 

i^ 

84 
102 

121 

142 

165 
189 
215 

243 

277 
304 

336 
407 



Safe 
Working 

Load 
in Tons. 



2^ 

3i 

5 

6i 

.?! 

14 

17 
2OJ 

23i 

36 
4oi 

45i 
50f 
56J 
68 



Proof 
Strain 

in 
Tons. 



4i 

7 
loi 



I 
lb 

22f 

28| 

4oi 

47t 

55I 

63t 

72 

8iJ^ 

91 

IOI« 

112I 

1364 



Breaking 

Strain in 

Tons. 



7 
II 

16 

22 

28 

36 

44 

54 

64 

74 
86 

99 
iij 

128 
143 

176 
213 
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Standard Froportioiui of the links of chains in terms of the diameter 
of the iron from which they are made : — 

Stud-link = 6 diameters extreme length, and 3*6 diameters extreme 
width. 

Close-link = 5 diameters extreme length, and 3*5 diameters extreme 
width. 

Open-link = 6 diameters extreme length, and 3*5 diameters extreme 
width. 

Middle-link = 5*5 diameters extreme length, and 3*5 diameters extreme 
width. 

End-link of each, 15 fathom length of chain, 6*5 diameters extreme 
length, and 4*1 diameters extreme width. 

Strength of Chains and Bopes. — ^To find the breaking strain in tons 
of short-Hnk chains, square the number of eighths of an inch in the diameter 
of the iron from which the link is made, and multiply by '375. 

To find the breaking strain in tons of stud-link chains, square the number 
of eighths of an inch in the diameter of the iron from which the link is 
made, and multiply by *44* 

To find the breaking strain in tons of ropes of hemp, and of iron and 
steel wire : — 

For hemp ropes^ square the circumference in inches and multiply by '25. 

For iron-wire ropes^ square the circumference in inches and multiply by 

For steeUwire ropes, square the circumference in inches and multiply by 

The working or safb load for ropes is from one-sixth to one-seventh of 
the breaking strain, for round hemp ropes, and for round iron-wire ropes : 
one-eighth for flat hemp and for flat iron-wire ropes : one-sixth for round 
steel wire : and one-seventh for flat steel-wire ropes. 



GIRDERS. 



Girders and Beams. — ^To find the breaking weight in tons, of solid 
beams of wood or iron, square or rectangular, with both ends supported, 
and loaded in the middle : — Rule : Multiply the square of the depth in 
inches by the breadth in inches, and divide the product by the length in feet 
between the supports ; the result will be the breaking weight in tons of 
a cast-iron beam. For wrought-iron, multiply the said result by 1*5; for 
oak, multiply by '25 ; and for pine or fir, multiply by '2, 

Wood Qirders with wrought-iron flitch-plates. — ^To find the breaking 
weights in cwts., when loaded in the middle, with both ends supported. — 
Rule for fir : Multiply five times the square of the depth in inches, by the 
breadth in inches, including the iron flitch plate, and divide the product 



JOISTS, GIRDERS AND B£AMS. 265 

bj the length in feet. For oak, use 6 as a multiplier instead of 5. The 
thickness of the iron flitch-plate should be one-tenth that of the wood, for 
which thickness the above rule applies. 

Solid-roUad wrought-iron Joists and girdors, Fig. 49. To find the 
breaking weight in tons when loaded in the middle, with both ends sup- 
ported. Rule : Add one-fourth the area of the web in inches, calculated 
on the full depth of joist, to the area of the bottom flange in inches ; 




Fig. 49. 

multiply that sum by the depth in inches ; multiply the product by 6'6, 
and divide the result by the length in feet between the supports. 

Boz-girders are about 10 per cent, less in strength than solid rolled 
joists or girders, of equal depth and weight. 

Single-web girdem are about 20 per cent, less in strength than solid 
rolled joists or girders, of equal depth and weight. 

T girders are about 40 per cent, less in strength than solid rolled joists 
or girders, of equal depth and weight. 

Biveted Joists are about 50 per cent, less in strength than solid rolled 
joists or girders, of equal depth and weight. 

The DefleetLon of solid-rolled joists is about 50 per cent, less than 
that of riveted joists, of equal depth and weight. 

A girder fixed at one end only, and loaded at the other end, will support 
only one-fourth the load that a girder of the same length will bear, when 
supported at both ends and loaded in the middle. 

A girder will support only one-half the load at the middle, that it will if 
distributed over its length. 

Factor of safety for girders. The safe dead load for wrought-iron 
girders is generally \ the breaking weight, and for cast-iron girders \ the 
breaking weight ; for moving loads the factor of safety is 50 per cent, more 
than for dead loads. 

Solid Bound Beams and girders. To find the breaking weight, in 
tons, of a solid round beam, with both ends supported, and loaded in the 
middle : — Cube the diameter in inches, and divide by the length in feet 
between the supports ; the result will be the breaking weight in tons of a 
wrought iron round beam; for cast-iron multiply the said result by '66; 
for oak multiply by -i; ; for fir or pine multiply by '13. 
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KoUow Bound Boaiiui. To find the breaking weight in tons of a 
hollow round beam, subtract the cube of the inside diameter in inches 
from the cube of the outside diameter in inches, and divide by the length 
in feet between the supports, the result will be the breaking weight in tons 
of a hollow round wrought-iron beam; for cast-iron multiply the said 
result by '66; for oak multiply by '17 ; for fir or pine multiply by •13. 

Angle-Iron Beams. — ^The strength of equal-legged angle or Tee iron, 
acting as a beam, is 50 per cent, greater than that of a bar of the same 
height and thickness ; in sections of unequal legs, the height only is to be 
considered. 

Cast-Zron Qirders, Fig. 50. — ^The depth of girder should be from 
iV to -^oi the span ; width of bottom flange | to f of the depth of girder 
at the centre ; width of top flange one-third to one-half of the bottom flange ; 




Fig. sa 

maximum span 25 feet; for greater spans wrought-iron is safer. In order 
to obtain uniformity in cooling and sound castings, there should not be any 
sudden variation of metal, and the web should be proportioned and tapered, 
so as to meet each flange with a thickness corresponding to that of the 
flange. When the depth of girder is limited, the bottom flange is made 
wider in proportion. When strengthening ribs are cast on girders, they 
should be curved, as they are less liable to crack, than when made 
straight. 

In the strongest form of a cast-iron girder, the sectional area of the 
bottom flange, is six times as great as the area of the top flange, and these 
proportions should be followed, as closely as the proper distribution of the 
metal will allow, as regards freedom from undue straining, in the cooling (Si 
the casting. 

The CompressiTe Btcength of Cast-Zron of average quality is about 
42 tons per square inch of section, but the tensile strength is only about 6 tons 
per square inch ; therefore the bottom flange of cast-iron girders requires 
to be many times greater than the top flange. The compressive strength 
of ordinary wrought-iron plates, is about 12 tons per square inch of section, 
and the tensile strength about 20 tons per square inch ; therefore, in wrought- 
iron girders, the top flange requires to be the greatest. 
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To find the breaking weighty in tons, of a cast-iron girder when loaded in 
the middle, and with both ends supported. — Rule: Multiply twice the 
depth in inches, by the sectional area of the bottom flange in inches, and 
divide the result by the length in feet between the supports. 

To find the breaking weight of a uniformly-distributed load, multiply 
the result found by this rule by 2. 



Table 95. — Proportions of Cast-Iron Girders, Fig. 50. 



Safe 
dead 
distri- 
buted 
Load 

in 
Tons. 



Qear 

Span in 

Feet 



Depth 

of 
Girder 

in 
Inches. 



Bottom Flange. 



Breadth 

in 
Inches. 



Thickness 
at the 
Centre 

in Inches. 



Thickness 
at the 
Edge 

in Inches. 



Top Flange. 



Web. 



Breadth 

in 
Inches. 



Thickness 

at the 

Centre 

m Inches. 



Thidcness 

at the 

Edge 

Inai« 



m 



ThkknessThkkncsa 



at the 

Bottom 

in Indies. 



at the 



lobi 



in Inches 



4 
6 

12 

18 

25 

30 

9 
18 

25 

30 
16 

25 
40 

15 

25 
40 

60 

85 
40 

60 

90 

130 

70 

100 

130 



10 

10 

14 

15 
20 

20 

12 

16 

20 

20 

18 

20 

18 

20 

20 

20 

20 

25 

20 

25 
25 
25 
25 
25 
25 



9 
9 

12 
12 
12 
12 

15 

15 

15 

15 
18 

18 

18 

24 

24 

24 
24 

24 

30 
30 
30 
30 
36 
36 
36 



5 
6 

8 

12 

18 
20 

7 
10 

17 
18 

12 

16 

16 

13 

15 
16 

17 

25 

15 
18 

25 
26 

19 

25 
26 



I 

A 

3 

If 

2t 

I 
If 

41 
2% 

\\ 

5i 
3; 
4t 
4i 



8 



If 



8 



1! 

48 

6 
7 



31 

5l 

4f 

54 

6 
8 

8 

\ 
8 



1 
2 

1 

1 

8 



li 

If 

i 



ij 



1 
8 



ij 

X 
8 

li 
i| 

if 



If 



1 

I 

If 

li 

I 

lA 

I 



li 

i 



^8 

I^ 
*8 

I* 



To find the area of the bottom flange in inches. — Rule : Multiply the 
length in feet by the permanent distributed load in tons, and divide the 
product by the depth in inches of the girder. 

To find the permanent distributed load, — Rule : Multiply the depth in 
inches by the sectional area of bottom flange in inches, and divide hj 
the length in feet of the girder. 

To find the weight in lbs. of a brick wall carried by a girder, multiply 
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the height in feet by the length in feet of brickwork, and then multiply by 
the number of bricks the wall is thick (that is by 2, if the wall is 2 bricks 
thick, and so on) and multiply by 75, which result divided by 2240 will 
give the weight of the wall in tons, or load distiibuted over the whole length 
of girder. 

Biveted Wrovght-Zron Girders, Fig. 51. To find the breaking 
weight in tons, of a girder with a single plate or web united by angle-irons 
to top and bottom flanges, when loaded in the middle and with both ends 
supported. — I^uU : Multiply 57 times the depth of girder in inches by the 
area of the bottom flange in inches, and divide by the length in feet between 



y//////////////////'//y//M 




V/////////////////JC///////. 



Fig. 51. 

the supports (the area of the bottom flange to include the angle-iron). To 
calculate the area of the bottom flange, multiply the width of flange-plate 
in inches, by its thickness in inches, to which result add the area of the 2 
angle irons, which may be found by the following rule. 

To find the sectional area in square inches of an angle-iron^ add together 
the width of its two sides, from which sum subtract the thickness of metal, 
all in inches, and multiply the remainder by the thickness of metal in inches; 
thus a 3 inch angle iron |inch thick has a sectional area of (3 + 3 — '5) 
X '5 = 275 square inches, and as there are 2 angle irons, double the area 
thus found must be added to the area of the flange-plate. 

To find the sectional area in square inches of the bottom flange of 
wrought-iron riveted girders. Rule : Multiply the breaking weight in tons, 
by the span or length between the supports in feet, and divide the product 
by 57 times the depth of girder in inches. 

Depth of wrought-iron riveted girders. The depth should be -j^j- of the 
span. 

Boz-Girders are 10 per cent, stronger than single-plate girders, of 
equal depth and weight. 

Pitch of Bivets for riveted girders. For the compression member, 
3 inch pitch for small, and 4 inch pitch for large girders ; for the tension 
member, 6 inch pitch for both large and small girders. 
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Table 96. — ^Breaking-Strength of Materials in Tons per Square 

Inch. 



Description of Materials. 



Cast-Steel bars, rolled and forged . 



ditto 
ditto 
ditto 
ditto 
ditto 



Shear-steel bars 

Bessemer-steel bars 

Blistered-steel bars 

Spring-steel bars 

Steel boiler plates 

Lowmoor or best Yorkshire bar iron 

Ordinary good merchant bar-iron 

Hoop-iron, best quality, average . 

Lowmoor or best Yorkshire iron plates along the fibre 

ditto ditto ditto across the fibre 

Ordinary good angle and tee-iron . 
Ordinary good boiler-plates along the fibre 
ditto ditto across the fibre 

Ordinary good ship-plates along the fibre 
ditto ditto across the fibre 

Cast-iron, best quality 

ditto ordinary average quality 
Malleable cast-iron, best quality 
Phosphor-bronze wire, not annealed 
Steel wire, not annealed, best quality 
Brass wire ditto , best quality 
Iron wire, best quality 

Copper wire 

Homogeneous metal bars, best 

Muntz metal .... 3 copper ; 2 zinc 

Sterro metal 

Brass tubes . .70 copper 

Railway rails, iron flange . 

ditto iron double-headed . 

ditto steel flange . 

ditto ditto double headed 
Railway-wheel steel tires . 
Aluminium-bronze 
Phosphor-bronze 
Palladium wire 
Nickel 
Cobalt 

Copper, wrought 
Copper, cast. 
Gun-metal and bronze 
Brass . 
Soft solder 
Zinc, cast . 



30 zmc 



Breaking 

StTainm 

Tension per 

Square Indi, 

uToos. 



53 
50 
48 

45 

IS 

25 
24 

22 
22 

21 
18 
20 

17 

7 
6 

20 
55 

28 
28 
40 

22 

27 

35 

20 

24 

34 

44 
42 

32 

25 

23 

20 

18 

15 

9 
14 

8 

3*2 
3'i 



Stndn in 
Com] 
per 
Inch, in Tods. 



18 
12 
12 



48 
43 



58 



6 
45 
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Table 96 continued. — ^Brsaxing-Strength of Materials. 



Description of Blaterials. 



Hn, cast 

Bismuth, cast . 

Lead pipe 

Lead, sheet 

Lead, cast . 

Antimony 

Glass . • . . 

Ebony, West Indian 

Iron-wood, West Indian 

Lime tree 



Lancewood 

Hornbeam 

Apple tree 

Boxwood 

Ash 

Birch 

Alder 

Teak 

Sycamore 

Oak, English 

Mahogany, Honduras .... 
Lignumvitse 

.DCw^U ....... ■ 

Cedar 

Yew 

Mahogany, Spanish 

Walnut and pine, each . . . . , 

Granite ....... 

Sandstone ....... 

Pressed bricks 

Stock bricks 

Leather belting, best quality 
Stitched cotton belting, best quality 
Solid-woven cotton belting, best stout quality 
Hemp, twisted } to i inch thick . 

ditto I to 3 ditto 

ditto 3 to 5 ditto 

ditto 5 to 7 ditto 



BreiJdng 

Stninin 

Tension per 

Scjuare Inch, 

uTons. 



1*42 
I 'CO 

•86 

•81 
•46 



. ■ • 
lOf 



7 

5f 

5 

5 

5 

5 

si 



1*50 

3*04 
4*65 

4 

3 . 
24 

2-i8 



Breaking 

Stninin 

Connression 

per Square 

Inch, in Tons. 






2 

2 



•90 



Note. — ^The strength of steel is diminished to the extent of from 25 to 50 per cent, by 
annealing, and its strength is increased from 15 to 60 per cent, by hardening 
inoiL 

Bpaoiflo Gravity. — ^The specific gravity of a body, is its weight in pro- 
portion to an equal bulk of pure water, and the standard of comparison for 
solids and liquids is a cubic foot of pure water at 62® F., which weighs 
i,cxx) ounces avoirdupois. 
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Table 97. — Specific Gravitt and Weight of Materials, and of Liquids 

AND Gases. 



Metals. 

Platinum 

Gold 

Mercury ... . . . 

Lead 

Silver 

Bismuth 

Copper, sheet 

Gun metal 

Copper, cast 

Brass, cast 

Nickel, cast 

Steel 

Wrought iron . ." . 

Tin 

Cast iron 

Zinc, cast 

Antimony 

Arsenic 

Aluminium, cast 

Minerals, etc. 

White lead 

Slate 

Chalk 

Marble 

Glass, plate 

Granite 

Stone, mesui of various . . . . 

Stone, paving 

Stonework 

Stone, Bath 

Brick and concrete . . . each 
Sand, pure, and common clay . each 
Mortar and gravel . . . each 
Brickwork and earth . . . each 

Mud 

Coal 

Coke, hard 

Gas coke 

Snow, fresh 

Ice at 32° 

Melting ice 

Gutta percha 

Caoutchouc 

Gunpowder 



Specific Gravity. 



Water = x. 

21*526 
19-258 
13596 

ii'366 
io"5ii 



Weight of One 
Cubic Fooc 




I06 
8731 

8-6io 
8'400 
8-280 
7-856 
7-700 

7*294 
7-218 

6-862 

6-712 

5763 
2-560 



3"i64 

2854 
2-782 

2-730 
2-700 
2*662 
2*560 
2-416 
2*225 
2-100 

2'000 
1-900 
1-760 
1-750 
1-600 
1*280 

750 
•360 

•096 

•93 
•92 

•97 
•93 
•94 



lbs. 

1344 
1204 

847 
710 
656 
618 

549 
544 

538 

525 

515 
490 
480 

455 
450 
428 
419 
360 
160 



198 
176 

174 
170 

168 

166 

160 

151 

140 

131 
125 

119 

no 

109 

100 

80 

46 

22 

6 

58 
574 

6o*5 
58-0 
586 
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Table 97 continued. — Specific Gravity and Weight of Materials. 




Liquids, etc. 

Sea water 
Tar from wood 
Vinegar, distilled 
Water, distilled 
Tallow and linseed 
Rape seed oil 
Spirits, proof 
Olive oil 
Petroleum 
Turpentine 
Naphtha 

Wood. 

Lignum vits .... 
Box, Dutch .... 

Ebony 

Heart of oak .... 
Rosewood and lancewood 
Oak, English .... 
Laburnum and hawthorn 
Beech and Spanish mahogany . 
Ash and plum tree 
Hornbeam, holly and crab tree . 
Teak and maple 

Birch, pear tree and apple tree . 
Pine, pitch .... 

Pine, red .... 
Pine, white .... 
Pine, yellow .... 

Yew 

Cherry tree .... 
Walnut and plane tree, and elm . 
Chestnut tree .... 
Mahogany, Honduras ; and cedar 
Larch ..... 

Poplar 

Cork and charcoal . 

Gases, at 32® F. 

Atmospheric air being 
Nitrogen .... 
Gaseous steam .... 
Ammoniacal gas . 

Hydrogen 

Carbonic acid 
Sulphurous acid 



specific Gravity. 



each 
each 
each 
each 
each 
each 



each 
each 



each 



Water => 
I '02 7 

i'oi5 
1*009 

I "000 

•940 

•921 
•920 

•915 
•880 
•870 
•850 



133 

1-32 

I*20 

i'i7 

1-03 

•93 

•920 

•850 
•840 

760 

750 

730 
730 

•670 
•460 

•450 
740 

•670 
•610 

•560 

•530 
•384 

'240 



I '000 

•973 

•622 

•588 

•070 

1-527 

2'247 



WciBht of One 
Cubic Foot. 



lbs. 

64 
6343 

68-00 

62-355 
58*600 

57'4 

57*4 
57*o 

54*9 
54*2 

531 



829 

82*^ 
74-8 

73'0 
64*2 

58*0 
57-38 
53*1 
52-5 

47*5 
46-8 

45-5 

45'5 
41-8 

28-7 

27*2 

46*1 

45'0 

41-8 

38-0 

34-8 

31*0 

24*0 

15*0 



•0807 
•0786 
•0502 

•0474 
•0056 

•1232 

•1815 
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TO FIND THE WEIGHT OF CASTINGS. 2/5 

RULES FOR FINDING THE WEIGHTS OF CASTINGS, ETC. 

To find the weight of iron castings, multiply the width in quarter 
inches by the thickness in eighths of an inch, or vice versa, and divide the pro- 
duct by lo ; then multiply the result by the length in feet, which will give the 
weight in lbs. of that casting. For wrought iron, add y*^ to the result ; for 
lead, add | ; for brass, add ^ ; and for copper, add ^ to the result. 

To find the weight in lbs, of flat castings and harsy multiply the width in 
inches by the thickness in inches ; then multiply by the length in feet, and 
next by one of the following multipliers, viz. : for cast iron, 3*156 or 3-^-; for 
wrought iron, 3*312 or 3^; for lead, 4*854; for brass, 3*644; for copper, 
3*87; for steel, 3*4. 

To find the weight in lbs. 0/ round plates and bars of cast iron^ multiply 
the square of the diameter in inches by '7854, then multiply the product by 
the depth or length in inches, and multiply the result by '26. 

To find the weight in lbs, of a square plate or bar, multiply the square of 
one of its sides in inches by the thickness in inches, and multiply the pro- 
duct by '26 for cast iron; for wrought iron, multiply by '28, and for steel, 
multiply by •283. 

To find the weight in lbs. of pipes, tubes, and cylinders, subtract 
the square of the inside diameter in inches from the square of the outside dia- 
meter in inches, multiply the result by 7*4, and divide by 3, then multiply 
by the length of the pipe in feet. 

To find the weight in lbs. of a hollow ball or spherical shelly multiply 
the square of the outside diameter in inches by 3* 141 6 ; multiply the pro- 
duct by the thickness of metal in inches, and multiply the result by '26 for 
cast iron. 

To find the weight in lbs. of the segment of a hollow ball or spherical 
shell, multiply the outside diameter in inches by 3* 141 6, and multiply the 
product by the height of segment, multiply that product by the thickness 
of metal in inches, and multiply the result by '26 for cast iron. 

To find the weight in lbs. of a cast iron ball, multiply the cube of the 
diameter in inches by -137. The weight in lbs. of balls of any metal may 
be found thus : — ^multiply the cube of the diameter in inches by '5236, then 
multiply the result by the multiplier opposite to the required metal in 
table 99. 

To find the diameter of a ball in inches when the weight in lbs. is given, 
multiply '5236 by the multiplier opposite the required metal in table 99, 
and divide the weight of the ball by the said product, the cube root of the 
quotient will be the diameter in inches. 

To find the weight in lbs. of castings firom their cnbio oontentsp 

multiply the cubic contents in inches by the multiplier opposite the metal 

in the following table. 

T a 
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Table 99. — Multipliers 


FOR CONVERTING CuBIC InCHES INTO LbS. 


Platinum . 


. 77 


Steel, rolled 


. -283 


Gold .... 


■ 70 


Cobalt 


. -282 


Mercury . 

Lead .... 

Silver 

Bismuth 


• '49 

. -41 

. -38 

• '35 


Nickel 

Wrought-iron, forged 
Wrought-iron, rolled . 
White metal . 


. -282 
-282 
•278 
•270 


Copper, sheet . 

Copper, cast . . . 

Phosphor Bronze 

Gun metal . . . , 


•318 

'315 
• '314 


Tin 

Pewter . . . . 
Cast-iron . . . . 
Zinc . . . . 


. -268 
'261 
•260 
•253 


Brass wire 

Brass 


•308 

•304 


Antimony . . . , 
Aluminium 


'241 
•090 


Bell metal 


•295 


Box-wood . . . . 


•048 


White metal for bearings . 
Steel, Bessemer 


•290 

•285 


Teak . . . . 
Pine, yellow. . . 


•028 
•016 



Keasnring Patterns. — ^In order to provide against running castings 
short of metal, moulders in measuring patterns allow 2 lbs. per foot for 
straining, &c., and take the weight of i square foot of cast-iron i inch thick 
at 40 lbs., or 5 lbs. per superficial foot for every Jth of an inch thickness of 
metal. Hence the rule to find the weight in lbs. is — multiply the length in 
feet by the breadth in feet, and by 5, and by the number of |ths of an inch 
the metal is thick. In measuring cores, the same rule is used, but instead 
of multiplying by 5, multiply by 47, because 40 lbs. per square foot i inch 
thick, is too much to take out for cores. 

Table 100. — ^Decimal Approximations, etc. 



Cylindrical inches multiplied by '0004545= cubic feet. 
Cylindrical feet multiplied by '02 909= cubic yards. 
Circular inches multiplied by '00546= square feet. 
Cylindrical inches multiplied by '2049 =lhs. of cast iron. 

Ditto ditto *22o69=lbs. of hammered wrought-iron. 

•2179 =lbs. of rolled wrought-iron. 

'2222 =lbs. of steel. 

•3854 =lbs. of mercury. 

•2505 =lbs. of copper. 

•395 =lbs. oflead. 

•2385 =lbs. of brass. 

•207 =lbs. oftin. 

•2042 =lbs. ofzinc. 
Cubic inches multiplied by '00058= cubic feet. 
Cubic feet multiplied by '03705 =cubic yards. 
Square inches multiplied by '007= square feet. 
Avoirdupois lbs. multiplied by -009 =cwts. 
Ditto ditto 'ooo45=tons. 

Cubic inches divided by 172 8= cubic feet. 



Ditto 


ditto 


Ditto 


ditto 


Ditto 


ditto 


Ditto 


ditto 


Ditto 


ditto 


Ditto 


ditto 


Ditto 


ditto 


Ditto 


ditto 



WEIGHT OF MATERIALS. 
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A solid pattern, without cores, weighing i lb., made of yellow pine, will 
weigh, when cast in cast iron, 16 lbs. ; in zinc, 15*8 lbs. ; in tin, 16 lbs. ; in 
steel, 17*02 lbs.; in brass, i8'8 lbs.; in gun metal, 19 lbs.; in copper, 
19*3 lbs. ; in lead, 24 lbs. 

The Cone. — ^To find the solidity or cubic contents of a cone : multiply 
the area of the base by one-third of the perpendicular height. To find the 
convex surface of a cone, multiply the circumference of the base by one 
half the slant height ; to which add the area of the base for the whole 
surface. 

To find the surface of the frustrum of a cone: multiply the sum of the 
perimeters of the two ends by half the slant height, and add the areas of 
the ends. 

To find the cubic contents of a frustrum of a cone^ add together the areas 
of the two ends and the mean proportional between them (that is, the 
square root of their product), and multiply the sum by one-third of the per- 
pendicular height. 

To find the cubic contents of a wedge : to twice the length of the base 
add the length of the edge ; multiply the sum by the breadth of base, and 
by one-sixth of the height. 

To find the surface of a sphere or hall: multiply the square of the dia- 
meter by 3' 14 16. 

To find the cubic contents of a sphere : multiply the cube of the diameter 
by 5236. 

To find the surface of a segment of a sphere: multiply the diameter of the 
sphere by 3*1416, and then by the height of segment. 

To find the cubic contents of the segment of a sphere: from three times 
the diameter of the sphere, subtract twice the height of segment, then mul- 
tiply the difiFerence, by the square of the height and by '5236. 

To find the surface of a cylinder : multiply the circumference by the 
length for the convex surface, to which add twice the area of one end, for 
its whole surface. 

To find the cubic contents of a cylinder : multiply the area of one end by 
the length. 

To find the cubic contents of a parallelepiped : multiply the length by 
the breadth, and multiply that product by the depth. 

To find the surface of a parallelopiped : add the depth to the breadth 
and multiply by the length, to which add the area of the end. 

To find the area of a ring included between the circumference of two 
concentric circles : multiply the sum of the diameters, by their difiFerence, 
and by 7854. 

Strength of Cast Iron FUlaani or Colonms. — The following are 
Mr. Gordon's rules for columns : — 

W = the breaking weight in tons ; A, the sectional area of the material 
in inches ; R, the ratio of the length to the diameter, the least diameter of 
the section being taken. 
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For solid 
columns 



or hollow cast iron 



w= 



36a 



I + 



R» 
400 



For solid or hollow rectangulai 
cast iron columns 

w — '^ 



I + 



R' 



500 



Table 102. — Safe Load on Hollow Cast-Iron Pillars. 



External 
Diameter. 


Thickness 
of Metal. 




Length 


OF Pillar in Feet. 




8 








16 






10 


12 


14 


Inches. 


Inches. 


Tons Cwts. 


Tons Cwts. 


Tons Cwts. 


Tons Cwts. 


Tons Cwts. 


3 


i 


3 17 


2 18 


2 


I 6 


I I 


3a 




6 16 


5 


3 18 


2 18 


2 I 


4 


1 


8 19 


6 19 


I 3 


4 


3 5 


4i 


1 


14 4 


II 2 


8 5 


6 17 


5 15 


5 


} 


18 6 


14 4 


" 3 


8 16 


7 2 


5. 


I 


23 2 


18 2 


14 4 


II 5 


9 I 


5i 


I 


27 3 


22 18 


18 6 


14 19 


12 


6 


f 


22 18 


18 16 


15 I 


12 3 


10 


6 


f 


26 18 


21 19 


17 19 


14 15 


12 


6i 


I 


40 


33 2 


27 16 


22 3 


19 


7 


I 


45 18 


38 17 


32 16 


27 3 


23 


7 


U 


55 5 


46 II 


39 4 


33 


28 


7i 


I 


51 18 


44 5 


37 18 


32 


27 3 


8 


I 


58 


50 3 


43 6 


37 3 


32 


8 


li 


70 


60 


51 


45 


38 10 


8i 


I 


64 


56 4 


49 3 


42 12 


37 


9 


I 


70 


62 


54 18 


47 16 


41 17 


9 


y: 


83 


74 


65 


57 


50 


10 


It 


100 


90 10 


81 


70 


60 



The Loads given in the Table, are for hollow cast iron pillars with fiat 
ends, and securely fixed. 

Hollow columns fail principally from crushing, when the length does not 
exceed thirty times the diameter. 

Cast-iron of average quality is crushed with . . 42 ^ 
Wrought-iron „ „ „ . . 16 Tons 

Wrought-iron is permanently injured when crushed I per 

with 12 square 

Oak is crushed with 4 inch. 

Deal is crushed with 2 / 

Columns with both ends round are only ^rd, and columns with one end 
flat, and the other end round only f rds, the strength of columns with both 
ends flat. 
The strength of a column of a cruciform section is only |, and of a 
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double flanged section only f , that of a round hollow column, of equal 
weight. 

In contracts for columns, a variation of from ^ to sV ^^^^ ^^ ^^ thick- 
ness of metal is permitted in most cases. 

Table 103. — Proportions of Rivets and of Single and Double- 
Riveted Joints for Wrought-Iron Plates. 



Thickness Diameter 



of Iron 
Plate. 



of Iron 
Rivet. 



Inches. 



Inches. 



18 

r 



8 



!| 



Length 

of Rivet 

from 

under 

the Head. 



Inches. 
I 



4 
2± 






Pitch op Rivbts, in 
Inches. 



Single- 
Riveted 
Joint. 



Inches. 



If 
1} 

l| 

2 

2 
2 
2 

4 

3 



! 



Double-Riveted 

Zinae Joint. 

Pitch along one 

Line. 



Inches. 

If 

2 

3* 
3 
4 
4i 



Breadth op Lap. 



Single- 
Riveted 
Joint. 



Inches. 

;i 

2 

2I 

2- 

2- 

3: 
3t 

4 



Double-Riveted 
JoinL 



Inches. 



4^ 

4a 

4j 



? 



Distance of 
each line of 
Rivets from 

each ed^of 

Plate in 
the Double- 

Riveted J<»nt. 



Inches. 
1 1 

F 

8 

iiV 

if 



a 

5f 



In Zigiag Bivetmg, the rivets in one line divide the spaces between the 
rivets in the other line, as shown in Fig. 42, page 178. The distance be- 
tween the rivet-hole and the edge of the plate, or between two rivet-holes, 
should never be less than the diameter of the rivet. 

FroportionB of Bivets. — ^A pan-shaped rivet-head should equal in 
diameter if, and in thickness f the diameter of rivet; and when a cup or 
snap shape, the diameter of rivet head should equal i|, and the depth f the 
diameter of rivet. The diameter of a conical rivet-head should equal 
twice, and the depth J the diameter of the rivet. The diameter of the head 
of a countersunk rivet should equal i\ times, and the thickness \ the diameter 
of the rivet. The length of rivet required to form the rivet-head is equal to 
the diameter of the rivet for countersunk heads, and to i^ times the diameter 
for cup and conical rivet-heads. 

All Bivet Holes should be perfectly fair with each other, those that 
are not fair should be rhymed out until they become so— drifting should 
not be permitted. The rivets should completely fill the holes — ^which 
should be slightly countersunk under the rivet-heads, — and the rivet-heads 
should be true and central. When the rivet holes are drilled in " place " 
the plates should be taken apart and the burr removed, as it prevents the 
plates closing tightly to make a good joint. 

The Edges of tlie Plates — ^in best work — should be planed to an 
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angle of i in 8 before being put together, so as to have a full edge for 
caulking, which should be done with a broad-faced fuller, so as not to 
injure the plates. 

Butt Strips should be of as good a quality as the plates they cover, 
and should be cut from plates and not from bars. Single butt strips 
should be | inch thicker than the plates they cover, and double butt strips 
should each be not less than f the thickness of the plates they cover. Butt 
strips for the longitudinal seams of boilers should be cut across the fibre. 

Strength of Biveted-Joints. — ^The per-centage of strength of the 

plate at the joint as compared with the solid plate may be found by the 

following rule : — 

(Pitch — diameter of rivets) x 100 

Pitch of rivets 

The per-centage of strength of the rivets as compared with the solid plate 
may be found by the following rule : — 

(Area of rivets x number of rows of rivets) x 100 
Pitch of rivets X thickness of plate 

For other rules for strength of riveted- joints, see pages 176 to 178, 
Table 104. — ^Weight of i Foot in Length of Angle and Tee-Iron. 



Breadth 


Thickness op thb Middlb of bach Wbb or Flange. 






















of Iron. 


loch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Indu 


Inch. 


Inch. 


Inch. 




i 


6 
16 


1 


^ 


i. 

2 


A 


t 


f 


i 


I 


Inches. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


I X I 


1*44 


174 


















ifxit 


1-86 


2-25 


2-95 
















2-30 


2-8i 


330 


376 














if XlJ 


273 


3'34 


3'93 


4-50 


5-05 












2 X2 


3-15 


3-86 


4-55 


5-23 


5-85 


6-48 










2^X2i 
2iX2t 


3*56 


4-3« 


5-19 


5'95 


6-70 


7-40 


8-12 








3-9« 


4-90 


5-81 


6-68 


T^t 


«-35 


9-16 








2JX2I 


4-40 


5'43 


6*44 


7-42 


8-38 


9'30 


10-21 


11-95 






3, X3 


4-82 


5"95 


7-07 


8-15 


9-21 


10-25 


11-26 


13*25 






3fx3f 


5-24 


6-48 


770 


8-90 


10-06 


II-20 


12*31 


14*50 






5-66 


7*00 


«-33 


963 


10-90 


12-15 


1336 


15-76 






3|x3f 


6-o8 


7*53 


8-96 


10-36 


11-75 


13-08 


14*40 


17*06 






4 X4 


6-50 


8'o6 


9*6o 


ii-io 


12*56 


14*02 


15*45 


18*30 






Jixli 

4a ^ 49 


6*92 


8-58 


IO'22 


11-83 


13*41 


14-96 


16-50 


19*55 






7-33 


9'io 


10-95 


1256 


14-25 


15*92 


17-56 


20*80 






4iX4| 


775 


9-64 


11-48 


i3'3i 


15-10 


16*85 


18-58 


22'08 






5,^5, 




1015 


12-12 


14-04 


15-92 


17*80 


19-63 


2333 






5ix5i 




II'20 


i3'36 


15-50 


17*61 


19*67 


21-72 


25-80 


29-84 




6 x6 




12*25 


14*63 


16-98 


19-28 


21*60 


23*84 


28-50 


32*64 


36*85 


6ix6i 








18-47 


20*96 


23-46 


25*93 


30-80 


35*52 


40-20 


7 X7 








19-92 


22-65 


25-33 


28-00 


33*30 


38*45 


43*52 
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Strength of Bolts. — ^The average tensile strength of the iron of which 
bolts are made is 20 tons per square inch, and the safe working load for 
bolts not subject to much strain, is 4 tons per square inch of area of cross 
section, at the bottom of the thread. For moderately tightened bolts, 2 tons 
per square inch ; and for bolts, which, carrying a great strain, are liable to 
stretch after being severely tightened, such as the bolts of steam-joints, i ton 
per square inch of area of cross section, at the bottom of the thread. 

Foundation Bolts, having a cotter through one end, should have that 
end swelled equal to ly the diameter of the bar, and the cotter should equal 
I J in depth and J in thickness the diameter of the bar. Long bolts or tie- 
rods with screwed ends, should have the ends swelled, to at least the depth 
of thread of the screw. 

Joint with Pin, like Fig. 52. 

The diameter of the pin = the diameter of the rod, £. 




i=D 



H 



Fig. 5a, 



Width between the fork, B, = 1*25 diameter of the rod, E. 
Width of the jaw of fork. A, = 75 diameter of the rod, E. 
Width of the jaw of fork, C, = '62 diameter of the rod, E. 
Width across cants, D, = V2 diameter of the rod, E. 
Diameter of the boss of the fork = twice the diameter of the pin. 
Diameter of the pin head and washer = 1*62 the diameter of the pin. 
Thickness of head of pin and washer = one-half the diameter of the 
pin. 

Centre of pin to end of cant, G, = 4^ times the diameter of the pin. 
Centre of pin to end of cant, H, = 3I times the diameter of the pin. 

Lock-Vnts should be equal in thickness to half the diameter of the 
boh. 

Square Vnts should have the same width across the flats as hexagon 
nuts. 

In confined spaces, both the head and nut are each made, in thickness, 
fths of the diameter of the bolt. It has been found that a well fitted nut, 
equal in thickness to fths the diameter of the bolt, will not strip before the 
bolt breaks. 
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Table 108. — Size of Whitworth's Standard Hexagon Nuts. 









Width 


OF Nut across 








Width of Nut across 


Size 
of 

Nuts. 


Diameter 
of 


Width 

Across 

Corners. 


THB Flats. 


Size 
of 

Nut. 


Diameter 
of 


Width 

Across 

Corners. 


THE Flats. 


Bottom of 
Thread. 


Exact 


Nearest 


Bottom of 
Thread. 


Exact 


Nearest 








Size. 


Size. 


Inch. 






Size. 


Size. 


Inch. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. ' Inches. 


s 


'I34 


•517 


•448 


■iVand^ 


li 


1-067 


2-365 


2*048 


2Vr 


1 

4 


•186 


•606 


•525 


Jand^^ 


If 


I-l6l 


2*557 


2-215 


2 A and tV 


8 


'241 


•694 


-601 


f 


li 


1-286 


2-786 


2-413 


2A 


i 


•295 


•819 


709 


iiandtV 


i| 


1-369 


2-974 


2*576 


2A 


^ 


•346 


•947 


•820 


if 


ij 


1-494 


3*184 


2-758 


2i 


X 

s 


•393 


I -06 1 


•919 


H 


li 


1-590 


3-485 


3-018 


,3 ^ 


A 


•456 


1-167 


I -Oil 


i^V 


2 


1-715 


3-636 


3'H9 


3|and-A 


8 


•508 


1*271 


I-IOI 


i^and-jS- 


2- 

2± 


1-840 


3-853 


3*337 


3TVand,V 


^ 


•571 


1-387 


I-20I 


ItV and -^ 


1-930 


4-094 


3*546 


3i^d^ 


i 


•622 


1-502 


1-301 


It^ 


2 


2-055 


4-33 


3*75 


,3^. 


^ 


•684 


1-605 


i'39 


If and ^ 


2- 


2-180 


4-496 


3*894 


3l and -^ 


1 
8 


733 


1-707 


1-479 


I A- and Ti 


2^ 

^8 


2-305 


4-675 


4*049 


4tV 


H 


795 


1-8 


i'574 


i^ 


2J 
2? 


2-384 


4*827 


4'i8i 


4A 


I 


•840 


1-928 


1-67 


*8 


2-509 


5-017 


4-346 


4tV and ^ 


li 


•942 


2-148 


1-86 


3 


2-634 


5-231 


4-531; 4iand-^ 



Note. — Thickness of Nut equal to the Diameter of the Bolt. 



Table 109. — ^Weights of Gas Tubes and Fittings. 



Size. 


Tubes. 


Fittings. 




















Weight 


per 




Weight per 


Weight of 
xo Elbows. 


Weight of 
xoTees. 


Weight of 




3 


too Feet. 




xooo FeeL 


xo Crosses. 




cwts. 


qrs. 


lbs. 


toni 


i cwts. qrs. lbs. 


lbs. 02s. 


lbs. ozs. 


lbs. ozs. 


1 





I 








220 


I I 


I 


I 8 





I 


14 





330 


I 7 


I 8 


I 14 





2 


6 





524 


I 13 


2 4 


2 3 


i 
2 





3 


6 





804 


2 15 


3 


3 4 


i 


I 





22 





II 3 24 


4 6 


5 4 


5 II 


1 


I 


3 








17 2 


6 4 


7 10 


9 2 


l| 


2 


I 


II 


I 


3 I 26 


10 10 


12 15 


14 II 


2 


3 


7 


I 


8 14 


15 8 


16 7 


18 10 


li: 


3 





12 


I 


II 8 


15 12 


20 


21 4 


2 


3 


3 


21 


I 


19 I 14 


22 6 


27 


31 4 




4 





26 


2 


2 I 8 


30 2 


32 8 


41 4 


5 





6 


2 


10 2 4 


46 2 


50 15 


51 4 


2! 


5 


I 


19 


2 


14 22 


55 10 


68 8 


80 10 


3^ 


6 





20 


3 


I 3 4 


73 8 


85 5 


88 12 


3i 


7 


I 


14 


3 


13 3 


lOI 


121 


129 


4 


8 


2 





4 


500 


126 


144 


158 
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Table no. — ^Weight of Lead and Composition Gas Pipes. 



Diameter 
Inside. 


Light. 


Heavy. 


Weight 
per Yard. 


Lengths of 
Bundles 
usually Manu- 
factured. 


Weight 
per Yard. 


Lengths of 
Bundles 
usually Manu- 
factured. 


Inches. 


lbs. Ofs. 
O 11^ 


yards. 

8o 


lbs. OSS. 
15 


yards. 
67 


1 


I 2 


6o 


I 6i 


46 


s 


2 O 


32 


2 ID 


29 


f 


3 5 


23 


3 12 


19 


I 


4 8 


26 





20 



Table in. — Weight per Yard, of Block-tin Tubes. 



Bore. ozs. 

i inch 8 



I 



I, • • a • . • 



II 



Bore. lbs. oa. 

i inch I I 

•• ••■ ••• *■ 



ff • . a .a. 



Bore. lbs. 

finch I 14 

^ yf ••• a*. m Is 



Table 112. — Weight of Galvanized Corrugated-Iron Sheets. 



Number 
of Gauge. 



16 
18 

20 
22 

24 
26 



Weight psb Squarb^ of zoo pbbt. 



Old Gauge. 



cwts. qrs. lbs. 

3 o 14 
2 2 II 



I 
I 
I 

o 



3 6 

2 6 

I o 

3 19 



B.Q. Sheet Gauge. 



cwts. qrs. lbs. 

O I 
2 9 



3 

2 



I 
I 
I 

O 



3 2 

2 7 
o 26 

3 17 



New Standard 
Wire-gauge. 



cwts. qn. lbs. 



3 
2 

I 
I 
I 

o 



9 
2 o 

2 14 

1 18 

O 12 

3 9 



Sise of Sheet 



6 feet X 2 feet, 2 
inches, with fives- 
inch corrugations. 
6 feet X 2 feet 2 
inches, with eight 
3-inch comiga- 
tionSa 



Table 113. — ^Weight of Galvanized Corrugated Iron Sheets. 



Numbo- of Gauge. 


z6 


z8 


90 


2a 


M 


a6 


Gauge. 


Weight to the old gauge, ^ 

lbs. . . a ) 


52 


34 


25 


21 


i6i 


I2J 


\ Weight in 
lbs. of 


Weight to B.O. gauge, lbs. 


50 


33} 


24I 


2li 


16 J 


I2J 


eachsheet. 


Weight to the new") 














size 72 m. 


standard wire-gauge, > 


5ii 


32J 


22| 


19 


n\ 


"i 


X 26 m. 
1 


lbs. . . a 3 
















Square feet per ton, old 1 
gauge . . . ) 


640 


770 


1080 


1300 


1680 


2170 




Squarefeetperton,B. O. ) 
gauge a . ) 


665 


776 


II32 


1280 


1624 


2218 


Square 
-feet per 


Square feet per ton,) 
standard wire-gauge ) 


650 


800 


I23I 


I418 


1807 


2409 


ton. 
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Table 117. — Weight of la Inches Square of Rolled Wrought-Iron 
Plates and Sheet-Iron, the Thickness being measured by the 
Sheet Gauge B. G. 1884, and also by the New Imperial Standard 
Wire-Gauge. 



nber 
auge. 


Weight per Saiuure 
Foot to the Sneet 


Weight per Square 


umber 
Gauge. 


Weight per Square 
Foot to the Sheet 


Weight per Square 


Foot to the new 


Foot to the new 


SO 


and Hooi»-Iron 


Imperial Standard 
Wire-Gange. 


and Hoop-Iron 


Imperial 
Wire-( 


Standard 


55 "o 


B. a 


Gauge. 


55-3 


B. a 


Gauge. 


^uge. 






Thick- 




Thick- 






Thick- 




Thick- 






ness. 




ness. 






ness. 




ness. 




lbs. 


Inch. 


lbs. 


Inch. 




lbs. 


Inch. 


lbs. 


Inch. 


7/0 


26*67 


•6666 


20-00 


'500 


22 


1-25 


•0312 


I'I2 


•028 


6/0 


25-00 


•6250 


18-56 


-464 


23 


I'll 


-0278 


•96 


'O24 


5/0 


2354 


•5883 


17-28 


•432 


24 


*gg 


-0247 


•88 


•022 


4/0 


21-67 


•5416 


i6-oo 


•400 


25 


-88 


•0220 


•80 


•020 


3/0 


20'00 


•5000 


14-88 


•372 


26 


•785 


0196 


•72 


•018 


2/0 


17-8 


•4452 


13-92 


•348 


27 


•700 


•0174 


•65 


•0164 


I/O 


15-8 


•3964 


• • • 


It. 


28 


•625 


•0156 


'59 


•0148 





« ■ • 


• • • 


13-0 


•324 


29 


•557 


•0139 


•54 


•0136 


I 


I4-I 


•3532 


12-0 


•300 


30 


'493 


•0123 


•495 


•0124 


2 


I2'6 


•3147 


11-04 


-276 


31 


•440 


•Olio 


•464 


•01 16 


3 


II-2 


-2804 


lO'IO 


•252 


32 


•392 


•0098 


•432 


•0108 


4 


IQ-Q 


•2500 


9-25 


•232 


33 


•348 


•0087 


•400 


•0100 


5 


8-9 


'2225 


8-50 


•212 


34 


•308 


-0077 


•368 


•0092 


6 


7*95 


•1981 


7-70 


-192 


35 


-276 


-0069 


•336 


•0084 


7 


7-05 


•1764 


7-05 


•176 


36 


-245 


-0061 


•304 


•0076 


8 


6-30 


•1570 


6-40 


-160 


37 


•216 


-0054 


•272 


•0068 


9 


5'57 


•1398 


575 


•144 


38 


-192 


•0048 


'240 


•0060 


10 


5-00 


•1250 


5-10 


•128 


39 


•172 


•0043 


•208 


•0052 


11 


4*44 


•1113 


4-64 


•116 


40 


•154 


-00386 


•192 


•0048 


12 


3-87 


•0991 


4-16 


-104 


41 


•138 


•00343 


•176 


•0044 


13 


353 


•0882 


3*68 


•092 


42 


-123 


-00306 


•160 


•0040 


14 


3-14 


•0785 


320 


•080 


43 


'109 


'OO272 


•144 


0036 


15 


2-76 


•0699 


2-87 


-072 


44 


•097 


'OO242 


•128 


•0032 


16 


2-50 


•0625 


2'55 


•064 


45 


•086 


•00215 


'112 


•0028 


17 


2'22 


•0556 


2-30 


•056 


46 


•077 


-00192 


•096 


•0024 


18 


1*97 


•0495 


1-91 


•048 


47 


•068 


-00170 


•080 


•0020 


19 


176 


•0440 


I -60 


•040 


48 


•061 


-00152 


•064 


•0016 


20 


1-57 


•0392 


1-44 


•036 


49 


•054 


-00135 


-048 


•0012 


21 


1-40 


•0349 


1-28 


•032 


50 


•048 


•00120 


-040 


•0010 



The Sheet and Eoop-Xron Gauge, B. O., was issued by the South 
Staffordshire Ironmasters' Association for the use of sheet and hoop-iron 
makers, March i, 1884, and is adopted by the trade. It is important that 
in all transactions in sheet and hoop-iron, the initial letters B. G. should 
appear, to distinguish the Sheet and Hoop-Iron Gauge from the Imperial 
Standard Wire-Gauge. 

The Weights of ZronpSheete and Plates given in the above table 
are those rolled to the various gauges by Messrs. £. P. & W. Baldwin, 
Wilden Ironworks, near Stourport, to whom the Author is indebted for the 
information. 
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Table 118. — ^Weight of 12 Inches Square of Rolled Sheet-Copper 
AND Sheet-Brass in Lbs. and Ounces, and also in Lbs. and 
Decimal Parts; the Thickness being measured by the new Im- 
perial Standard Wire-Gauge. 





Sheet-Coppbr. 


Sheet-Brass. 




Sheet- 
Copper. 


Sheet- 
Brass. 


Thickness 
by Number 
of the New 














Thickness 
by Number 


























Weight in 






Weight in 


of the new 


Weight in 


Weight in 


Standard 


Weight in 


lbs. and 


Weight in 


lbs. and 


Standard 


ounces and 


ounces and 


Wire-Gauge. 


lbs. and 


Decimal 


lbs. and 


Decimal 


Wire-Gauge. 


Decimal 


Decimal 




ounces. 


parts 


ounces. 


parts 




parts of 


parts of 








of a lb. 






of a lb. 




an ounce. 


an ounce. 




lbs. 


ozs. 


lbs. 


lbs. 


OSS. 


lbs. 




Ounces. 


Ounces. 


7/0 


23 


4 


23-250 


21 


9, 


21-57 


»s 


U'93 


13-74 


6/0 


21 


9:: 

I; 

9i 


21-578 


'2 


i5t 
9? 


19-97 


26 


13-03 


12-10 


5/0 


20 


20-078 


18 


18-59 


27 


12-02 


ii-i6 


4/0 


18 


18-594 


17 


3; 


17-22 


28 


11-00 


10-12 


3/0 


17 


4^ 


17-282 


16 


O;- 


16-01 


29 


10-01 


9-28 


2/0 


16 


3 


i6-i88 


14 


I5W 


14-98 


30 


9-02 


8-30 





15 


I 


15-063 


13 


i5t 


13-95 


31 


8-63 


7-94 


I 


13 


'5? 


13-954 


12 


15 


12-92 


3* 


8-03 


7-39 


2 


12 


'3 
iii 


12*828 


II 


14 


11-87 


33 


7*44 


5-36 


3 


II 


11-719 


10 


i3i 


10-84 


34 


6-84 


630 


4 


10 


"i 


10-782 


10 





10-00 


35 


6'24 


5-75 


5 


9 


'3f 

145 


9-860 


9 


2 


9-12 


36 


5-65 


5-21 


6 


8 


8-907 


8 


4i 
9¥ 


8-26 


37 


5-05 


4*65 


7 


8 


3 


8-i88 


7 


7-57 


38 


4-46 


4-10 


8 


7 


7 


7-438 


6 




6-88 


39 


3-86 


3-5^ 


9 


6 


II 


6-688 


6 


^ 1 


6*21 


40 


3-57 


3-29 


10 


5 


6) 
I3T 

Ill 


5-954 


5 


8? 


5-51 


41 


3-27 


3-10 


II 


5 


5-391 


5 





5-00 


42 


2-97 


273 


12 


4 


4-828 


4 


7i 
i5i 


4-48 


43 


2-67 


2-46 


13 


4 


4-282 


3 


3-96 


44 


2-38 


2-19 


14 


3 


3-719 


3 


7 


3-44 


45 


2 -08 


1-92 


15 


3 


si 


3-344 


3 


It 


3-10 


46 


1-78 


1-64 


16 


3 





3-000 


2 


2-76 


47 


1-48 


1*37 


17 


2 


9i 


2-594 


2 


2*41 


48 


1*19 


i-io 


18 


2 


4 


2-250 


2 


2-07 


49 


0-89 


0-82 


19 




'3t 
lof 


1-860 




"i 


1-72 


50 


074 


0-68 


20 




1-672 




i 


1*55 








21 




l\ 


1-485 




1-38 








22 




1-297 




I'2I 








23 




l{ 

Of 


i-iio 




i5f 


1-04 








24 




1-024 





0-95 









The Weights of Copper Sheets per square foot, given in the above 
Table, are those rolled to the new Imperial Standard Wire-Gauge, by 
Messrs. Vivian & Sons, Hafod Copper Works, Swansea, to whom the 
Author is indebted for the information. The equivalents in decimal parts 
of an inch of the New Imperial Standard Wire-Gauge are given at page 331. 
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Table 119. — ^Weight of 12 Inches Square of Bessemer Steel, and 
Rolled Steel Sheets, and Gun Metal Plates; the Thickness 

BEING MEASURED BY THE NeW IMPERIAL STANDARD WiRE-GaUGE. 



Thickness by 

Number of tne 

New Standard 

W. G.« 


Wbicht in lbs. 


Thickness hv 

Number of tne 

New Standard 

W. G.« 


Weight in lbs. 


Bessemer 


Rolled 


Gun 


Bessemer 


Rolled 


Gun 


SteeL 


Steel. 


MetaL 


Steel. 


Steel. 


Metal. 


7/0 


20-50 


20-40 


22-00 


II 


4-76 


474 


5''' 


6/0 


1903 


18-94 


20-42 


12 


4-27 


4-25 


4-58 


5/0 


18-72 


17-63 


19-00 


13 


378 


376 


4-05 


4/0 


16-40 


16-32 


17-60 


14 


329 


3'27 


352 


3/0 


15-25 


15-18 


16-37 


15 


2-96 


2-94 


317 


2/0 


14-27 


14-20 


1532 


16 


2-63 


2-61 


2-82 





13-29 


13-22 


14-26 


17 


2-30 


2-28 


2-47 


I 


12-30 


12*24 


13-20 


18 


1-97 


1-96 


2-12 


2 


11-32 


11-27 


12-15 


19 


1-65 


1-64 


1-76 


3 


10-34 


10-28 


11-09 


20 


1-48 


1-47 


1-59 


4 


9-52 


9'47 


IO-2I 


21 


1-32 


1-31 


1-41 


5 


8-70 


8-65 


9'33 


22 


I-I5 


114 


1-24 


6 


7-88 


7-84 


8-49 


23 


'99 


•98 


I -06 


7 


7-22 


7-18 


775 


24 


•91 


•90 


27 


8 


6-56 


6-53 


7-04 


^§ 


•82 


•81 


•88 


9 


5-91 


5-88 


6-34 


26 


74 


73 


79 


10 


5'25 


523 


5-64 


27 


•68 


•67 


•72 



Table 120. — Weight of 12 Inches Square of Rolled White Metal, 
Lead, and Zinc Sheets; the Thickness being measured bt the 
New Imperial Standard Wire-Gauge. 



Thicknenbv 
Number of tne 
New Standard 


Weight in lbs. 


Thickness br 
Number of tne 
New Standard 


Weight in lbs. 


WKite 






White 
MetaL 






W. G.» 


Metal. 


Zinc. 


Lead. 


W. G.» 


Zinc. 


Lead. 


7/0 


19-50 


18-50 


29-50 


II 


4-52 


4-30 


6-85 


6/0 


i8-oi 


17-17 


27-38 


12 


4-06 


3-85 


614 


5/0 


16-85 


i6-oo 


25-49 


13 


359 


3'4i 


5*43 


4/0 


15-60 


14-80 


23-60 


14 


3-12 


2-96 


473 


3/0 


14-51 


^377 


21-95 


15 


2-81 


2-07 


4-25 


2/0 


13-58 


12-88 


20-54 


16 


2-50 


2-37 


378 





12-64 


12-00 


19-11 


17 


2-19 


2 -08 


3'3i 


I 


11-70 


II'IO 


17-70 


18 


1-88 


1-78 


2-84 


2 


10-77 


IO-22 


16-29 


19 


1-56 


1-48 


2*37 


3 


9-83 


9*33 


14-87 


20 


1-41 


1*34 


213 


4 


9-05 


»*59 


13-69 


21 


1-25 


I-I9 


1-89 


5 


8-27 


7-85 


12-51 


22 


1-09 


1-04 


1-66 


6 


7'49 


7-11 


"•33 


23 


•94 


1^ 


1-42 


7 


6-87 


6-52 


10-39 


24 


•86 


•82 


1-30 


8 


6-24 


5'93 


9*45 


25 


78 


74 


ri8 


9 


5-62 


533 


8-50 


26 


71 


•67 


1-07 


10 


5^oo 


474 


7-56 


27 


•64 


•61 


•97 



* For the equivalents in decimal parts of an inch of the numbers of the wire^uge, see 

I»ge 331- 

u a 
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Table 121 


. — ^Weight of 


12 Inches Square 01 


r Various Metals. 


rhick. 
ness. 

Inch. 


Wrought 
Iron. 


Cast 
Iron. 


Steel. 


Gun- 
Metal. 


Brass. 


Copper. 


Tin. 


Ziac. 


i^ 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


t 


2-50 


234 


2*56 


2-75 


2*6g 


2*87 


237 


2*25 


3*68 


5- 


4-69 


5*12 


5*5 


5*38 


5*75 


4-75 


f5 


7*37 




7-50 


7-03 


7*68 


8*25 


8*07 


8*62 


7*12 


675 


11*05 


lO* 


9-38 


10*25 


II* 


10*75 


11*5 


^1 


9* 


14-75 


a 

v 


12-5 


II72 


I2*8l 


13*75 


13*45 


14-37 


11*87 


11*25 


18-42 


15- 


14*06 


15*36 


16*50 


16*14 


17*24 


14*24 


13*50 


22-10 


t 


17-5 


i6'4i 


17*93 


19*25 


18*82 


20*I2 


16*17 


15*75 


25-80 


20' 


1875 


20*5 


22* 


21*5 


^3* 


19- 


i8* 


29-5 


t 


225 


2I"IO 


23*06 


24*75 


24*20 


25*87 


21*37 


20*25 


33*17 


25* 


23*44 


2562 


27*50 


26*90 


28*74 


23*74 


22*50 


3684 




27*5 


2579 


28*18 


30*25 


29*58 


31*62 


26*12 


24-75 


40-54 


30' 


28'12 


30*72 


33*oo 


32*28 


34-48 


28*48 


27* 


44-20 


H 


S^'S 


30-48 


33*28 


35*75 


34-95 


37*37 


30-87 


2925 


4792 


m 


35* 


32-82 


35*86 


38*50 


37*64 


40*24 


32-34 


31*5 


51-6 


T* 


37*5 


35*16 


38*43 


41*25 


40-32 


43*12 


35*61 


33*75 


5536 




40- 


37*5 


41* 


44* 


^5' 


46* 


38* 


36* 


59* 


'^f' 


42-5 


39*84 


43*56 


46-75 


46*60 


48*87 


40*37 


38*25 


62*68 


li 


45* 


4219 


46*12 


49*50 


48-38 


51*75 


42-75 


40*5 


66-37 


T S 


47*5 


4453 


48*68 


52*25 


51*07 


54-62 


45*12 


42-75 


70*05 


50- 


4688 


51*25 


55* 


53*8o 


57*48 


47*48 


45* 


73*75 


T B 


52-5 


49*22 


53*8i 


57*75 


56-45 


60*37 


49*87 


47*25 


77*42 


55- 


51*56 


56*36 


60*50 


|9'J^ 


63*24 


52*24 


49*50 


8rio 


\t 


57*5 


53*91 


58-93 


63*25 


61*82 


66*12 


54-17 


51*75 


84*80 


6o' 


56*24 


61*5 


66* 


64-56 


68*96 


56*96 


54* 


88*40 




65- 


60*94 


6662 


71*50 


69*90 


74-74 


61*74 


58*50 


95*84 


ij 


70- 


65*64 


71*28 


77' 


75*28 


80*48 


64-34 


63- 


102-12 


ll 


75' 


70*32 


76*86 


82*5 


80*64 


86*24 


71*22 


67*5 


110*72 




8o- 


75*oo 


82* 


88* 


86* 


92* 


76* 


72- 


118* 


2^ 
2| 


85- 


79*68 


87*12 


93*5 


93*38 


97*74 


8o*74 


77*5 


125*36 


90- 


84-38 


9225 


99* 


96*76 


103*50 


85*50 


81* 


132-74 


2! 


95" 


89*06 


97*36 


104-5 


102*14 


109*24 


90*24 


85*5 


1 40* 10 


2I 


lOO* 


93*76 


102*5 


no* 


107*60 


114*96 


94*96 


90* 


147*5 


2| 


105- 


98*44 


107*62 


115*5 


112*90 


120*74 


99*74 


95*5 


154-84 


2t 


no* 


103*12 


112*72 


121* 


118*28 


126*48 


104*48 


lOO* 


162*20 


H 


115- 


107*82 


117*86 


126*5 


123*64 


132*24 


108*34 


103*5 


16960 


3 


I20' 


112*50 


123*00 


132* 


129* 


138* 


114- 


108* 


177* 



Eoops. — To find the length of bar required to make a circular hoop. — 
J^ule : Add the thickness of the bar to the inside diameter of the hoop, 
and multiply the result by 3-J-. For angle-iron hoops, with the flange on the 
outside. — jRule : Add twice the thickness of the root to the inside diameter 
of the hoop, and multiply the result by 3-f . For angle-iron hoops with the 
flange inside the hoop. — Rule : Deduct twice the thickness of the root from 
the outside diameter, and multiply by 3|. 
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Table 122. — Iron Wire. 

The following Table, issued by the Iron and Steel Wire Manufacturers' 
Association, gives the sizes, weights, lengths, and breaking strains of iron 
wire, according to the New Imperial Standard Wire-gauge. 



Sice on 

Wiie- 
Gauge. 


DiAMBTBR. 


Sectional 
Area in 
Square 
Inches. 


Wbxght or 


Length 
ofCwt. 


Brbaking Strain. 


Size on 
Wire- 
Gauge. 


Inch. 


Milli- 
metres. 


xoo 
Yards. 


One 

MUe. 


Annealed. 


Bright 










lb. 


lb. 


yds. 


lb. 


lb. 




7/0 


'500 


127 


•1963 


193*4 


3404 


58 


10470 


15700 


7/0 


6/0 


•464 


ir8 


•169I 


166-5 


2930 


67 


9017 


13525 


6/0 


5/0 


•432 


II' 


•1466 


144-4 


2541 


78 


7«i4 


II725 


5/0 


4/0 


•400 


IO-2 


•1257 


1238 


2179 


91 


6702 


10052 


4/0 


3/0 


•372 


9'4 


•1087 


107-1 


1885 


105 


5796 


8694 


3/0 


2/0 


•348 


8-8 


•0951 


937 


1649 


120 


5072 


7608 


2/0 


I/O 


•324 


8-2 


•0824 


8l'2 


1429 


138 


4397 


6595 


I/O 


I 


•300 


7-6 


•0707 


69-6 


1225 


161 


3770 


5655 


I 


2 


•276 


r 


•0598 


58-9 


1037 


190 


3190 


4785 


2 


3 


-252 


6-4 


•0499 


49* I 


864 


228 


2660 


3990 


3 


4 


•232 


5'9 


•0423 


41-6 


732 


269 


2254 


3381 


4 


5 


•212 


5'4 


•0353 


34-8 


612 


322 


1883 


2824 


5 


6 


'I92 


4-9 


•0290 


28-5 


502 


393 


1544 


2316 


6 


7 


•176 


4-5 


•0243 


24- 


422 


467 


1298 


1946 


7 


8 


•160 


41 


•0201 


19-8 


348 


566 


1072 


1608 


8 


9 


•144 


37 


•0163 


i6- 


282 


700 


869 


1303 


9 


10 


•128 


33 


'OI29 


12*7 


223 


882 


687 


1030 


10 


II 


*Il6 


3' 


•0106 


10*4 


183 


1077 


564 


845 


II 


12 


•104 


2-6 


•0085 


8-4 


148 


1333 


454 


680 


12 


13 


•092 


«'3 


•0066 


6-5 


114 


1723 


355 


532 


13 


14 


•080 


2* 


•0050 


5' 


88 


2240 


268 


402 


14 


15 


•072 


r8 


•0041 


4' 


70 


2800 


218 


326 


15 


16 


•064 


1-6 


•0032 


3*2 


56 


3500 


172 


257 


16 


17 


•056 


14 


•0025 


2'4 


42 


4667 


131 


197 


17 


18 


048 


1*2 


•0018 


1-8 


32 


6222 


97 


145 


18 


19 


•040 


I- 


•0013 


1-2 


21 


9333 


67 


100 


19 


20 


•036 


o'9 


•QGIO 


I' 


18 


11200 


55 


82 


20 



Table 123. — Galvanised Wire. 



New Standard 
W. G. Thickness. 


Length in Yards 
per lb. 


New Standard 
W. G. Thickness. 


Length in Yards 
per lb. 




yards. 




yards. 


i 

8 


2 

3s 

5 


13 
14 
16 


i5i 
20 

31 


10 


7i 


18 


51 


12 


12 


20 


100 
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Table 124. — Galvanized Iron Cisterns — Stock Sizes. 



Length. 


Width. 


Depth. 


Gallons. 


fecL inch. 


feet. inch. 


feet. inch. 


About. 


I 9 


I 3 


I 6 


20 


2 


I 


I 7 


30 


2 4 


I 7 


I 9 


40 


2 6 


I 7 


2 


50 


2 8 


I 10 


2 


60 


2 8 


2 


2 2 


70 


3 


2 


2 2 


80 


3 2 


2 2 


2 2 


90 


3 


2 2 


2 6 


100 


3 3 


2 2 


2 6 


IIO 


3 4 


2 4 


2 6 


120 


3 1 


2 6 


2 6 


130 


3 6 


2 6 


2 6 


140 


3 6 


2 6 


2 9 


150 


3 9 


2 8 


2 10 


175 


4 


2 8 


3 


200 


4 I 


3 3 


3 


250 


4 7 


3 6 


3 


300 



Table 125. — Strength of Lead Pipes. 



Internal 
Diameter. 


Weight per 
Lineal vCd. 


Bursting Pressure 

inlte. per 

Square Inch. 


Safe Woiicing 
Pressure in Im. 


Inches. 
I 

li 
i| 
if 
2 


lbs. 

7 
8 

10 

14 
18 

22 
24 

29 


1560 
1340 
1040 
900 
800 
700 
600 
500 


390 

335 
300 

325 

300 

175 
150 

125 



Table 126. — Solder required for Joints. 



}' 


inch pipe 


takes f lb. solder. 


do. 


„ 1 do. 


I 


do. 


„ ij do. 
„ i| do. 


li 


do. 


do. 


„ if do. 


if 


do. 


„ 2 do. 


2 


do. 


„ 2f do. 
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Table 127. — ^Weight of Cast-Iron Balls in Lbs. 



Diameter. 


Weight. 


Diameter. 


Weight. 


Diameter. 


Weight. 


Inches. 


lln. 


laches. 


lbs. 


Inches. 


lbs. 


1 
8 


•07 


6 


2947 


Hi 


207-4 


I 


•14 


6i 


3746 


12 


2357 


ij 


■46 


7, 


46-80 


13 


299-7 


2 


I "09 


7i 


57*57 


14 


374*3 


2j 


2*13 


8 


6980 


15 


460-3 


3, 


3-6§ 


8J 


8377 


16 


5587 


3i 


5-85 


9^ 


99*44 


17 


670-1 


4 


873 


9i 


116-9 


18 


795*5 


4i 


1243 


10 


I36'4 


19 


935*6 


5, 


17-05 


loj 


^in 


20 


1091-2 


5l 


2 2 "60 


II 


181-6 


21 


1268-7 



Balls. — To find the weight of balls of other metals : multiply the weight 
of cast iron balls by i'2 for gun metal ; 1*15 for brass; i'o8 for steel; and 
by 1*05 for wrought-iron. 

Wood Screws. — Gauge Number, and Diameter in Decimal Parts 

OF AN Inch. 



Screw Gauge No.. . 


I 


2 


3 


4 


5 


6 


7 


8 


Diameter, Inch. . . 


•066 


•080 


•094 


-108 


•122 


•136 


-150 


•164 


Screw Gauge No.. . 


9 


10 


II 


12 


13 


14 


15 


16 


Diameter, Inch. . . 


-178 


-192 


•206 


•220 


*234 


-248 


-262 


•276 



Table 128. — ^Weight of Lead Pipes. 



Inude 
Diameter. 



Inches. 



If 

2 

I 

3s 
4 
4i 

5 
6 



Length Thickness 



m 
Feet. 



15 

15 

15 

15 
12 

12 

12 

12 

10 
10 
10 
10 
10 
10 
10 



m 
Inches. 



Weight 

per 
Length. 



Thickness 

in 

Inches. 



lbs. 

15 

18 

24 

28 

36 

42 

70 

84 

84 
120 

135 

135 
200 

234 
330 



f 



Weight 

per 
Length. 



Thickness 

in 

Inches. 



lbs. 
18 
22 
28 

36 

42 
48 
84 

96 
150 
150 
160 
216 
254 



n 

8 ^ 

B 

TT 

s 

TT 

'S 

i 

4 

if 

s 
TS 



TT 
11 



Weight 

per 
Length. 



Thickness 

in 

Inches. 



lbs. 
22 

27 

32 

42 

52 
56 
96 

112 
112 
188 
184 
200 

254 
200 



B 

TT 

5 
"FT 

7 

"FT 

8 

TS" 



ib 



Weight 

per 
Length. 



25 
30 
36 
48 

63 
72 



Note. — F means full, and B bare thickness. 
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Table 129. — Weight of Lead required for the Joints of Cast-Iron 

Socket-Pipes. 



Diameter of Pipe. 


Weight of Lead. 


Diameter of Pipe. 


Weight of Lead. 


Inches. 


Ifaa. 


Inches. 


lbs. 


2 


2 


10 


12 


4 


2j 


II 


i3i 


3 


3. 


12 


15 


4 


1^ 


14 


18 


5 


6 


15 


22 


6 


7 


16 


24 


7 


8 


18 


25 


8 


9 


20 


27 


9 


lOi 


24 


38 



Table 130. — ^Approximate Weight of i Foot in Length of Brass 
Tubes by Outside Diameter, and also of i Foot in Length of 
Copper Tubes bt Inside Diameter. 



Diameter 
in Inches. 


Thickness in 


PARTS 


or AH 


Inch, 


AND ALSO BY 


THE New Standard Wirb-Gaucb. 


A oral 


A or 16 


A or 13 


ior 10 


A' 


or 6 


iors 


TTpOr I 


Brass. 


Cop- 


Brass. 


Cop- 


Brass. 


Cop- 


Brass. 


Cop- 


Brass. 


Cop- 


Brass. 


Cop- 


Brass. 


Cop- 






per- 




per. 




per. 




per. 




per. 




per. 




per. 




Ifaa. 


Ite. 


Ifaa. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


Ifaa. 


lbs. 


lbs. 


Iba. 


lbs. 


lbs. 


I 








i 


I 


ij 


I^ 


ij 


2 


2f 


4 


3f 


3i 


5 


:| 




i 




I 


;{ 


if 


if 


aj 


2-1- 
*2 


3 


4 


Si 


i 




I 




2 


2 


2t 


3, 


4 


3* 


sJ 


4i 


7 


li 








:} 


If 


*2 




3, 


3i 


4i 


4t 


6 


5? 


8 


2 




i 




2 


3i 


4 


5 


5 


'1 


H 


8f 


2;: 


i 




ij 


ij 


1 

2i 


2| 


3, 


3i 


4i 


5i 


4 


7i 


10 


2| 




I 




2 


3 


3t 

3i 


4 


5 


6 


8 


8 


"i 


2f 










2f 




4i 


5i 


6J 


9 


9 


3 


I 




2 


2i 


3. 


3i 


4 


5 


6 


7 


10 


"i 


13 j 
144 

I si 


33 




li 


2j 


4 


32 


3l 
4 


42 


Si 

5f 


6i 
7 


9t 


8 
8i 


loi 

II 


3i 


ij 


li 




2^ 
^4 


3t 


4i 


5, 


6 


7i 


9i 


12 


12I 


4 






2i 


3, 


4 


5, 


6 


H 


8 


10 


I2i 


13 


i6| 

i7i 
18 


4t 


li 


li 


3 


32 


42 


1 

5a 


6i 
7 


8i 
9, 


9t 

lot 


io| 
II 


i3i 

14 


'3f 


4i 








3! 


4! 


6 


6i 


7i 


9i 


II 


I2| 


Hi 


I Si 


19 


5 


li 


2 


3a 


4 


5. 


6i 


6| 


8 


10 


"i 


IS 


16 


20 


5i 




2i 


4i 


ft 


7 


8i 


II 


"i 


I3¥ 


17 


18 


22 


6 


2 


2^ 


4 


5 


H 


7i 


8 


10 


12 


14 


15 


18J 


i9i 


24 


7 


H 


2{ 

3i 


4i 


6 


7 


8i 


9 


I2t 


14 


16 


7 


21 


23 28 


8 


2i 


5 


6i: 
8| 


8 


10 


104 


16 


I Si 


20 


24 


36 


31 


9 


3 


6 


9 


II 


12 


i3i 
I Si 


18 


21 


22 


27 


29 


35, 


10 


3i 


4 


7 


10 


12 


'3, 


20 


23 


25 


30 


32 


38| 

42i 


II 


3l 


4| 
4I 


8 


9 


II 


'3, 


i4i 


17 


22 


25f 


27 


33 


36 


12 


4 


9 


10 


12 


I4i 


16 


19 


24 


27i 


30 


36 


39 


46 
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WEIGHT OF CHANGE WHEELS, ETC. 

Table 132. — ^Weight of Half a Circle of Cast-Iron — 
Depth = Half the Diameter. 
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Table 133. — Weight of Small Cast-Iron Spur Wheels, or 

Change- Wheels. 
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Note. — To find the diameter at the pitch line of anv of these wheels:— Divide the 
number of teeth by the given diametral pitch. The full depth of teeth of these 
wheels is = }ths the circular pitch. 
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Table 136. — ^Weight and Gauges of Sheet Zinc. 




Thickness 


Nearest 
Thickness by 


Approximate 
Weightper 

Square Foot 
in Ounces. 


Appkoximatb Weight pkr Srbbt. 










by Zinc 
Gauge. 


the New 

Standard 

Wire-Gauge. 


ft. ft. in. 
7X28 


ft. in. 
7X3 


ft. ft. m. 
8X28 


ft. in. 
8X3 








lbs. OS. 


lbs. oz. 


lbs. oz. 


Hb. OS. 


4 


••• 


5 


5 13 


6 9 


6 II 


7 8 


5 


•«. 


6 


I ° 


7 14 


8 


9 


6 


••. 


7 


8 3 


9 I 


9 6 


10 8 


7 


••• 


8 


9 5 


10 8 


10 10 


12 


8 


... 


9 


10 8 


II 13 


12 


13 12 


9 


25 


II 


12 13 


14 7 


14 II 


16 8 


lO 


24 


13 


15 3 


17 I 


17 5 


19 8 


II 


22 


15 


17 8 


19 II 


20 


22 8 


12 


21 


17 


19 13 


22 5 


22 II 


25 8 


13 


20 


i9i 


22 12 


25 10 


26 


29 4 


14 


19 


22 


25 II 


28 14 


29 5 


33 


15 


• • ■ 


24 


28 


31 8 


32 


36 


i6 


18 


26 


30 5 


34 2 


34 II 


39 


17 


18 


30 


35 


39 6 


40 


45 



Table 137. — Sizes and Weights of Tin Plates. 



Mark. 


Siie. 


Sheets per 
Box. 


Weight 




in. in. 




cwt. qr. lb. 


iC 


14X10 


225 


100 


I X 


14X10 


225 


I I 


IX X 


14X10 


225 


I I 21 


I X X X 


14 X 10 


225 


I 2 14 


iC 


14X20 


112 


100 


IX 


14X20 


112 


I I 


I X X 


14X20 


112 


I I 21 


I X X X 


14X20 


112 


I 2 14 


SDC 


15X11 


200 


I I 27 


SDx 


15X11 


200 


I 2 20 


SDx X 


I5X II 


200 


I 3 13 


DC 


I7X 12^ 


100 


3 14 


Dx 


17X I2i 

17 X 12I 


100 


I 14 


Dx X 


100 


I I 7 



Table 138.— Sizes 


OF Bore of Guns. 


Number of 
Gun-Gauge. 


Diameter of Bore, 

in Decimals of 

an Inch. 


Number of 
Gun-GaugCa 


Diameter of Bore, 

in Decimals of 

an Inch. 


4 varies from 

6 

8 

10 „ 
12 „ 


1*052 to I'OOO 
•919 „ -900 
•835 „ -820 

775 » 760 

729 » 750 


14 varies from 

20 
28 


•693 to '680 

•662 „ .650 
•615 „ -610 

•579 " '577 
•550 » -548 



THICKNESS AND WEIGHT OF MATERIALS. 



303 



C9 M C<« 



o 

I 

O 
SB 



ft 
O 

H 
O 

O 

:=> 

C/3 



fit 
O 

H 



CO 
M 

H 

M 
o 

ON 






so >0 NO 






SO N NO 
« 11 M 



« •-< M 



« • « 



On On Ov 
M O "^ 



M o >-< 



NO t^VO 
M O i^ 



»r» tN. u^ 

M O M 



M O ^ 



ON 
M O ^ 



09 

el 

.5 o 

00 rj 

i-i « 
g O.SP 



H 

83 

H 
CO 

O 

M 
(O 

SB 
M 
U 

as 

«< 

H 

» 











M 




• 




r^^ 




00 


M 


« 


M 







m 


M 


^ 




to 


ON 


• 




NO 




CO 


00 


• 




N 




M 


t*s 


• 




M 







>o 


• 




vO 




00 


• 


in 


00 






• 


-* 


e« 







CO 


• 




u-» 




CO 




C9 


• 




00 




IH 






• 


M 


• 


• 




• 


• 






1 




4-> 














MH 




f^ 




<i 




•1M 


• 







•e 









Q4 




c) 


m 


CO 


V 




,13 




•«i4 


• 




00 






q 

1 




•^4 

f5 


V 

^ 



H 

o 

as 

«< 

B 

> 

SB 
O 



O 
H 

o 



A 
SB 

< 

1 






•^ *< M 



Hod 






vo 



M '^H'^ CO CO 



C* MiL^"!^ • 









Ov 



^t^hs 



QOHM 



«tsO ^ 



«>^-|:-* S's 



^«««*|:%5j 



mo8|ooH« 3-*^ 



h"^" in in 



'^-|:H:«^ £; 



"-•"HSs* 



M i-iNMM N 



oog 



O «CH« CO ^ 

•^ CO N 



o o 

• • l^* ^^ 

2 m O O 

C! ^ h t* 

i-i « '^ ti i-i 

d .2 g 3 § 



SB 
O 
t4 

13 

H 

a 

CO 

o 

CO 

H 
O 

•< 

o 

p 

» 






1) 





hIm - 


^ 




Kt 


'* 


>o 





M 


'd- 


r^so 


Kt 


CO 


00 


C^ 


M 


CO 




HM 


ONOO 1 


M 


CI 




Hl« 





in 


(^ 


M 




Hei 


M 


CI 


N 


c« 


(^ 





« 


ca 


eOOO 1 


c>« 


" 


^NO 


M 


M 




Ho* 


in 


^ 


N 


M 


NO 


CO 


« 


M 




Hiei 


t^ 


M 


M 


M 


00 





C9 


M 


0^ 


ON 




«o 


00 


• 


• 


• 






09 




1) 







*t 


c 


V 


p 


X> 





B 










a 


*2 








bo 


n 


2 


H 


^ 


a* 

CO 


1 




03 


•♦J 




*a 





bo 
1*5 


pq 


^ 



304 



THE WORKS manager's HAND-BOOK. 



Table 143. — Bulk or Stowage Capacity per Ton of Various 

Substances. 



Descripdon of Goods. 



Bulk of One 

Tod in Calnc 

Feet. 



Hay, old and compact, and straw 

Furniture 

Cotton, partly pressed 

Cotton waste 

Peat 

Wool 

Branches of trees ; also cork 

Branches of trees tied in bundles 

Wood, dry lumber 

Vegetables 

Cases of fruit 

Cases of eggs 

Grass 

Stores, commissariat 

Flax and hemp 

Pressed cotton 

Coke 

Groceries and drugs in cases 

Yellow pine wood 

Sugar, soap and seeds in cases 

White pine wood 

Honduras mahogany 

Red pine and walnut each 

Wheat 

Birch, pear tree, and pitch pine .... each 

Teak and maple „ 

Hornbeam and crabtree „ 

Coal 

Ash and plum tree 

Beech and Spanish mahogany 

Oak, English 

Oil 

Tallow 

Ice 

Water 

Towns sewage 

Machinery in cases 

Ebony 

Box, Dutch 

Cutlery in cases 

Loose earth 

Lignum vitae 

Sand 

Brickwork and gravel each 



280 
260 
240 
210 
200 
180 
150 
140 

130 
128 
120 
no 
100 

95 
90 

80 

80 

80 

75 
70 

65 
53 
50 
49 
48 

47 

45 

43 
42 

40 

40 
39 

^l 

36 

35 
30 
28 
28 
28 

27 
24 

20 



WEIGHT OF LIQUIDS, ETC 



3QS 



Table 143 continued. — ^Bulk or Stowage Capacity p£r Ton of 

Various Substances. 



Description of Goods. 



L 



Rubble masonry, clay, and salt each 

Roman cement 

Bricks and tiles 

Bath stone and concrete each 

Graphite and lias „ 

Portland and Derby stone „ 

Paving quartz and sandstone „ 

Yorkshire stone and chalk „ 

Purbeck and millstone „ 

Granite and Kentish rag „ 

Marble and limestone, and slate . . „ 

Clydesdale iron ore 

Brown iron ore 

Red iron ore 

Iron, cast in pigs 

White-metal, cast in pigs 

Bronze and gun-metal, cast in pigs 

Copper, cast in pigs 

Lead, cast in pigs 



Bulk of One 

Ton in Cubic 

Feet. 



19 

19 
18 

17 
16 

13 
12 

9i 
7 

/^ 
si 

5 
4 



Table 144. — ^Weight of Liquids. 





Weight of 


Weight per 




Water a zooo. 


Gallcm in lbs. 


Acid, sulphuric . 


1850 


18-5 


Acid, nitric . . . 


I27I 


I2'7 


Acid, muriate 


1200 


I2'0 


Alcohol of commerce . . 


825 


8-2 


Alcohol, proof spirit . 


922 


92 


Oil, linseed . . . . 


940 


9'4 


Oil, whale .... 


023 
870 


9*2 


Oil, turpentine . . . 


87 


Naphtha .... 


848 


8-5 


Petroleum . . . . 


878 


8-8 


Tar 


IOI5 


lO'I 


Water, distilled . . . 


1000 


lO'O 


Vinegar .... 


1009 


lO'I 



Barrels. — ^To find the contents of a barrel in imperial gallons: first 
square the centre diameter in inches, and then multiply it by 2, to which 
add the square of the diameter of the end in inches ; then multiply this by 
the length of the cask in inches, and divide by 1*122. 
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Table 145. — List of Woods and thsk Uses. 
The Letter H. means Hard ; M., Medium, and S., Soft. 



Acacia, H., fencing, turnery. 

Alder, H., sluices, pumps. 

Almond, H., tool handles. 

Apple, M., turnery. 

Ash, H., wagons, implements. 

Beech, H., planes, boot lasts. 

Birch, H., furniture. 

Boxwood, H., engraver's blocks. 

Cedar, S., pencils, cigar boxes. 

Cherry, European, S., Tunbridge 

ware, fancy work. 
Cherry, Australasian, H., gun 

stocks, cabinet work. 
Ebony, H., rulers, cabinet work. 
Elder, S., rules, shuttles. 
Elm, H., piles, pumps, pipes. 
Fir, S., carpentry. 
Hawthorn, H., turnery. 
Hickory, H., vehicles, wheel spokes. 
Holly, H., turneiy. 
Hornbeam, H., teeth of wheels. 
Horsechestnut, S., brushes, turnery. 
Ironwood, H., teeth of wheels. 
Laburnum, H., turnery. 
Lancewood, H., fishing rods, bows. 
Larch, S., carpentry. 
Laurel, H., turnery. 
Lignum Vitae, H., pestles, turnery. 
Lime, close grained, carving. 



Mahogany, H., furniture. 
Maple, M., furniture. 
Mountain Ash, H., cart shafts. 
Nettle Tree, H., flutes. 
Oak, H., shipbuilding, &c. 
Olive, M., turnery, boxes. 
Partridge, H., walking sticks. 
Pine, S., carpentry. 
Poplar, M., furniture, turnery. 
Rosewood, H., pianos, furniture. 
Sandal Wood, S., fragrant, fancy 

boxes, cabinet work. 
Sassafras, H., turnery, screws. 
Silver Wood, beautifully marked, 

cabinet work, fancy boxes. 
Snake Wood, nicely marked, 

walking sticks. 
Sycamore, S., turnery, furniture. 
Teak, H., buffer beams. 
Thorn, H., turnery. 
Tulip Wood, H., veneers, cabinet 

work, fancy work. 
Walnut, H., furniture, gun stocks. 
Whitewood, H., wood engravers' 

blocks, cabinet work. 
Willow, S., baskets, spoons, Ac. 
Yew, H., walking sticks, turnery. 
Zebrawood, M., brushes, cabinet 

work. 



The most beantiAilly marked woods are rosewood, Italian walnut, 
Virginia walnut, Spanish mahogany, bird's eye maple, satin-wood, tulip- 
wood, snake-wood, silver-wood, laburnum, olive-wood, lemon-wood, yew, 
oak, pitch-pine, and coromandel-wood. 

The most even and dose-grained woodfl are ebony, myrtle, lime, 
box, olive, Virginia walnut, pear-tree, sycamore, cowrie-wood, beech, 
pine and holly. 

The moat dvrablA woods are oak, ebony, cedar, box, hornbeam, 
poplar, larch, chestnut, lignum vitse, teak, elm, acacia, and yellow deal. 

The moat elastic woods are lancewood, hickory, ash, hazel, snake- 
wood, yew and chestnut. 

The scented woods are sandal-wood, sassafras, camphor-wood, cedar, 
rosewood and satin-wood. 

The dye-woods are logwood, saunders-wood, Brazil-wood, cane-wood, 
fustic, zante and green ebony. 



QUALITIES OF TIMBER, 30/ 

Qualitimi of Timber. — ^The most odoriferous kinds of woods are 
generally esteemed the most durable ; also woods of a close and compact 
texture are generally more durable than those that are open and porous. 
In general, the quantity of charcoal afforded by woods offers a tolerably 
accurate indication of their durability ; those most abundant in charcoal 
and earthy matter are most permanent ; and those which contain the largest 
proportion of gaseous elements are the most destructible. The chestnut 
and the oak are pre-eminent as to durability, and the chestnut affords rather 
more carbonaceous matter than the oak. But this is not always the case, 
as red or yellow fir is as durable as the oak in many situations. An experi- 
ment to determine the comparative durability of different woods was made 
with planks of trees i| inches thick of from thirty to forty-five years' growth ; 
after standing ten years in the weather, they were examined and found to be 
in the following state : — ^ 



Chestnut, perfectly sound. 

Abele, or great white poplar, sound. 

Beech, sound. 

Walnut, in decay. 

Sycamore, much decayed. 

Birch, quite rotten. 



Cedar, perfectly sound. 

Larch, die heart sound but sap quite 

decayed. 
Spruce fir, sound. 
Silver fir, in decay. 
Scotch fir, much decayed. 
Pinaster, quite rotten. 

This shows the kinds of woods best adapted to resist the weather, but 
even in the same kind of wood there is much difference in the durability ; 
the timber of those trees which grow in moist and shady places is not so 
good as that which comes from a more exposed situation, nor is it so close, 
substantial, and durable. 

The beet Oak Timber when new is of a pale brownish-yellow colour, 
with a faint shade of green, a glossy and firm surface. The more compact 
it is and the smaller the pores are the longer it will last ; but the open, 
porous, and foxy-coloured oak is weak and not durable. Oak contains 
gallic acid which corrodes iron, therefore it should be fastened with either 
galvanised iron or copper screws. Oak shrinks about one thirty-second 
part of its width in seasoning, and warps and twists much in drying. 

Alder is extremely durable in water or wet ground, and is valuable for 
piles, pumps and sluices, and for any purpose where it is constantly wet, 
but it soon rots when it is exposed to the weather or to damp, and in a dry 
state it is much subject to worms. 

Elm is extremely durable in water and makes excellent piles and plank- 
ing for wet foundations, and is used also for making pumps, keels of ships, 
&c. Old London Bridge stood upon piles of elm, which remained six 
centuries without material decay. 

Beeoh is durable when constantly immersed in water and is useful for 
piles in situations where it will be constantly wet, but it rots quickly in 
damp places and is soon injured by worms. 

* See " Carpentzy and Joinery.** Crosby Lock wood & Ca 
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is durable in a dry situation, but soon rots when exposed to either 
damp or alternate dryness and moisture. Ash is superior to any other 
British timber for toughness and elasticity. 

The strength of timber to resist breaking strains in tension and corn- 
pressure is given at page 271. The tenacity along the grain is greatest in 
those woods which have the straightest and most distinctly marked fibres. 
The tenacity across the grain is about -f in pine-wood, and -^ in leaf- 
wood of the tenacity along the grain. 

The resistance to omshing along the grain depends upon the 
resistance of the fibres to being split asunder. It averages from 50 to 70 
per cent, of the tenacity for dry timber, and half that per-centage for green 
timber. The resistance to crushing across the grain is considerably less 
than the resistance to crushing along the grain, in all woods excepting 
lignum-vitse, which resists a crushing force with nearly equal strength along 
and across the grain. Ebony, iron-wood, and box-wood also ofiFer con- 
siderable resistance to crushing across the grain. 

The toughest wood is that which bears the greatest load and bends 
the most at the time of fracture. The following list shows the comparative 
toughness of various kinds of timber. Ash being i*cx); beech is '85 ; 
cedar of Lebanon, '84 ; larch, -83 ; sycamore and common walnut, each 
*68 ; occidental plane, *66 ; oak, hornbeam, alder, and Spanish mahogany, 
each '62 ; teak and acacia, each '58 ; elm and young chestnut, each '52. 

Trees should not be cut down before they arrive at maturity. If cut 
down before maturity a great part of the tree is sap-wood and the 
heart-wood is deficient in strength and durability; if allowed to grow 
beyond maturity the wood is brittle, discoloured, devoid of elasticity, and 
soon decays. An oak tree arrives at maturity at 100 years of age ; the 
average quantity of timber produced by a tree of that age is about 75 cubic 
feet ; and it should not be felled at a less age than 60 years. Poplars 
should be cut down when the trees are between 30 and 50 years old ; ash, 
larch, and elm between 50 and 100 years old, and the Norway spruce and 
Scotch pine between 70 and 100 years old. 

Xeasvring Timber. — To find the Solidity of Round or Unsquared 
Timber. — Rule: Multiply the square of J of the circumference — or quarter 
girth — ^by the length, and the product will be the content. 

If the tree tapers regularly the girth must be taken in the middle of the 
tree. When the taper is not regular several girths must be taken, and their 
sum divided by their number will give the mean girth, which must be used in 
the above rule. An allowance for the bark, of from \ inch to f inch for 
every foot of the quarter girth for ash, elm, beech, and young oak, and of 
from I inch to 2 inches for old oak, is usually deducted from the \ g^rth. 

To find the Solidity of Squared or Four-sided Timber. — Rule: Multiply 
the mean breadth by the mean thickness, and multiply the product by the 
length. 
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Table 146. — ^List of Minerals.* 

Arsenioal Troug an ore containing variable proportions of iron, arsenic, 
and sulphur, used in the manufacture of white arsenic. 

Amxite, a valuable azure blue ore of copper, containing about 55 per cent, 
copper, with carbonic acid and water. 

Biniiitii OohrOf an oxide of bismuth found in Saxony, Bohemia, and 
Siberia. 

Bomit6v the principal Chilian ore of copper, containing about 59 per cent, 
copper, with iron and sulphur. 

Camdt€arit6f or TinstonOf the commonest ore of tin, containing about 93 
per cent, pure tin. 

Cenuioit6v an ore of lead, containing about 83 per cent, metal. 

Chalooitev an ore of copper, 75 per cent, metal, with sulphur. 

Chaloopyrite, copper 33, iron 33, sulphur 33 per cent., the principal ore 
in Cornwall. 

Chzomio Xron 1 the ore of chromium, containing chromium from 37 to 40 

Chzomite ) per cent., with iron and other metals. 

CianabaTf sulphide of mercury ; the common ore yields about 80 per cent, 
metal. 

Colndtitef cobalt 33 per cent., with iron, arsenic, and sulphur. 

Copper PyriteSv see Chalcopyrite, 

Cupritef a Chilian ore of copper, containing about '88 per cent of metal. 

FraiiUinitef an uncommon ore of iron and zinc, containing iron 45, man- 
ganese 9, zinc 20, oxygen 26. 

Oalenitev the only important ore of lead, containing about 75 per cent, of 
metal, with sulphur and sometimes silver, gold, and other metals. 

Eematitey one of the commonest iron ores, containing about 75 per cent, 
metal, and called by different names. 

Zlmenitev titaniferous iron ore, sometimes containing gold. 

Iron Ola]i06f specular iron ore, q. v. 

Iron Mininm, red ochre, q. v. 

Kidney Orev a hard bubble-shaped form of hematite iron ore. 

Limonitev the iron mineral which is the basis of bog ores, ochres, Ac, con- 
taining about 60 per cent, metal. 

Xagnetic Xron Ore *) the most valuable and common ore of iron, con- 

Xagnetite ) taining about '/z per cent, metal. 

Xalaohitef a valuable copper ore, containing about 50 per cent, of metal, 
much used for ornaments. 

Xanganitev an ore of manganese, containing about 62 per cent. 

XicaceonB Iron Ore^ a scaly variety of hematite. 

Xillerite, an ore of nickel, containing 64 per cent., with sulphur. 

L9 one of the scarcer ores of lead, containing 90 per cent, of metal, 
with oxygen. 

* This list of minerals is extracted from " The IromnoDger's Diazy.** 
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Vicoolit6f an important ore of nickel^ containing 44 per cent, of metal* 

with arsenic. 
OligistOf a specular iron ore, q. v. 

Osrpimentf a lemon-yellow arsenic ore, containing 61 arsenic, with 39 sul- 
phur; not much used as ore. 
Pnddleni' OrOf an unctuous form of hematite used in Cumberland for 

lining the hearths of puddling furnaces. 
Pyritef a variable ore of iron, containing iron about 42, with sulphur and 

other metals. 
TsTolxLmtBf an ore of manganese, used in glass and bleaching powder 

making, containing about 60 per cent, manganese. 
% a bright red sulphide of arsenic. 

Eematitef the smelter's name for all iron ores consisting chiefly of 

anhydrous peroxide of iron. 

OohrOv a compact earthy variety of hematite. 
Bother Olailcopff kidney ore (iron). 

Bideritey an important ore of iron, consisting of ferrous carbonate. 
Bmaltitef an ore of cobalt, found in Saxony, used for making smalt. 
Bmitluioiiitev a carbonate of zinc, much used as an ore, containing about 

50 per cent, metal. 
Specular Iron Ore, brilliant crystallised hematite. 
8phalerit6« an abundant ore of zinc, containing about 60 per cent., with 

sulphur and other metals. 
Stibiiim I the principal ore of antimony, containing about 70 per cent of 
Btitanite ) metal ; the black antimony of the shops is this, fused. 
Tetraliedritey an ore of copper of variable composition, containing 19 to 

35 per cent, of copper, with sulphur and other metals. 
Tin Btonef cassiterite. 
Titaaiferoiui Xron Ore, ilmenite. 
Wady black manganese ore, of variable composition. 
Sinoitef an ore of zinc yielding about 80 per cent. 



Table 147. — ^Description of Chemical and Mineral Substances. 

Jicetate of Copper is verdigris. 

Alum is sulphate of aluminia. 

Aqnafbrtifl is nitric acid. 

Bleaching Powder is chloride of lime and hydrochloric acid. 

Blue Billy for lining furnaces, is pure oxide of iron 

Blue Btone or Blue Vitriol is sulphate of copper. 

Boiler Scale is carbonate of calcium. 

Burnett's Disinfecting Fluid is chloride of zinc solution. 

Calamine is carbonate of zinc. 

Calcium is the metallic base of lime. 



CHEMICAL AND MINERAL SUBSTANCES. 3 II 

Calomel is chloride of mercury. 

Carbon is pure charcoal. 

Caat-Zroiif Grej, is composed of iron 90*5 parts; combined carbon 1*5 ; 

graphite 2*8; silicon 3*1; sulphur 1*1; manganese '6; and sulphur 

'4 parts. 
Chalk is carbonate of lime. 
Chloroform is chloride of formyle. 
Citric Acid is a lemon juice preparation. 
Common Salt is chloride of sodium. 
Copperas, or Green Vitriol, is sulphate of iron. 
CorrosiTe Sublimate is bichloride of mercury. 
Dentist's Snocedanenm is an amalgam of silver filings and mercury, 
is a gum prepared from potato starch. 

Alnm is sulphate of aluminia and potash. 
Ebonite is India-rubber mixed with half its weight of sulphur. 
Emerald Green is sesquioxide of chromium. 
Epsom Salts is sulphate of magnesia. 
Ethiops Mineral is black suphide of mercury. 
Ferro-Manganese is pig iron containing more than 20 per cent, of 

manganese. 
Hake White is oxidized carbonate of lead. 
Flnor Spar is a mineral composed of fluoride of calcium. 
TiuKf Blaoky is a mixture of carbonate of potash and charcoal. 
Galena is sulphide of lead. 
Glass nsed for Windows is composed of silica 68*8 parts; lime 13; 

alumina 7; and soda 11*2 parts. 
Glauber's Salts is suphate of soda. 
Glnoose is grape sugar and potato starch. 
Glycerine is fat, decomposed with high pressure steam. 
Goulard is oxide of lead. 

Gunpowder consists of nitre 75 ; charcoal 15 ; and sulphur 10 parts. 
Iron Pyrites is bisulphide of iron. 
Jeweller's Putty is oxide of tin. 
TTft^iiw is a composition of silica and alumina. 
Yellow is sulphide of arsenic. 
Blaok is the soot from the smoke of burning pitch. 
Laughing Gas is protoxide of nitrogen. 
Ume is the oxide of calcium. 
ULtharge is monoxide of lead. 
ULthia is oxide of lithium. 
Lunar Caustic is nitrate of silver. 
Karl is an earth, containing carbonate of lime. 
Xarmolite is silicate of magnesia. 
Kassioot is yellow oxide of lead. 
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XMrschaum is silicated magnesian clay. 

Xetallio Oxide is a metal combined with oxygen. 

Xiea is a transparent mineral. 

Xosaio Gold is bisulphide of tin. 

Xnriate of Soda is common salt. 

Vitre, or Saltpetrov is nitrate of potash. 

Oohre is the hydrated sesquioxide of iron. 

Oil of Vitriol is sulphuric acid. 

PnusiaA Blue is prussiate of potash. 

Putty Powder is levigated oxide of tin. 

Bed Lead is oxide of lead. 

Boohelle Salt is tartrate of potash. 

Bust of Iron is oxide of iron. 

Salt of Lemons is oxalic acid. 

Siie is an impure gelatin, prepared from hides, &c. 

Slag of Blast Pnmaoee is composed of silica 36 paits ; lime 38 ; 

alumina 14; magnesia 7; ferrous oxide 1*5; manganese oxide 1*4; 

and calcium sulphide 2*1 parts. 
Smelling Salt is carbonate of ammonia. 
Soap Stone is a magnesian mineral. 
Soda is oxide of sodium. 
Soda Ash is carbonate of sodium. 
Spiegeleisen is pig-iron rich in carbon and manganese. 
Spirit of Salt is hydrochloric acid. 
Spirits of Eartshom is ammonia. 
Stalactite is carbonate of lime. 
StnccOf or Plaster of Paris is sulphate of lime. 
Sugar of Lead is acetate of lead. 
Talc is a magnesian mineral. 
Vermilion is sulphide of mercury. 
Vinegar is acetic acid. 
Volatile Allcali is ammonia. 
Volatile Salt is ammonia. 

Vulcanite is India-rubber mixed with half its weight of sulphur. 
Washing Crystals is crystallised soda and 2 per cent, borax. 
Water is oxide of hydrogen. 
WMte Lead is carbonate of lead. 
White Xanganese is carbonate of manganese. 

White Precipitate is a compound of ammonia and corrosive sublimate. 
White Pyrites is a sulphuret of iron. 
White Vitriol is sulphate of zinc. 
Whiting is purified carbonate of lime. 
Sine Chloride is zinc dissolved in hydrochloric acid. 
Sine White is oxide of zinc. 

Lte is an ore of antimony and lead. 
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CEMENTS FOR THE LABORATORY AND WORKSHOP* 

Add-proof Cement. — Mix a concentrated solution of silicate of soda, 
with powdered glass to form a paste. 

Aqvarinm Cement. — ^Mix white lead, red lead, and boiled oil together, 
with gold size to the consistency of patty. If required to be dark in coloor, 
mix lamp black with it. 

Another Aquarium Cement. — i gill, litharge ; i gill, plaster of paris ; 

1 gill, fine dry white sand ; and ^rd gill each of powdered resin and red 
lead ; mix into a stiff putty with boiled oil, to which a little gold size has 
been added. 

Waterproof Cement. — ^Powdered resin, i oz., dissolved in lo oz. strong 
ammonia. 

China and Earthenware Cement. — Dilute white of egg with its bulk 
of water; mix to the consistency of paste with powdered quicklime. 

China and Earthenware Cement. — ^Dissolve isinglass in hot water, 
and add acetic acid. 

Another China Cement. — ^Finely powdered glass, mixed with white 
of egg. 

Office Paste. — Strong, and does not soon turn sour : | oz. alum, dis- 
solved in I pint of water ; add flour, and when boiled, add 7 oz. resin, and 
again boil until properly dissolved and mixed. 

Sleetrio Cement for fitstening Braaa Work to Olaea Tubes. — 
Resin, 5 oz. ; beeswax, i oz. ; red ochre or Venetian red in powder, i oz. 

Fire^proof Cement. — Linseed oil, 4 oz. ; handful of quicklime pow- 
dered ; boil till thick and cool and harden ; then dissolve and use in the 
same way as ordinary cement. 

Elastic Olne. — Dissolve glue in a water bath; evaporate to a thick 
fluid, and add an equal weight of glycerine ; cool on a slab. 

Xdqiiid Olne. — ^White glue, 16 oz. ; dry white lead, 4 oz. ; soft water, 

2 pints ; alcohol, 4 oz. ; stir and bottle while hot. 

Another Uqnid Olne. — Glue, 3 pints, softened in 8 parts water ; add 
i pint muriatic acid and | pint sulphate of zinc; heat to 176° F. for 13 
hours ; then allow it to settle. 

Cement for Ontta percha. — 2 parts, common black pitch ; i part, 
gutta percha. 

Marine Olne. — ^Pure india-rubber, i pint, dissolved by heat in mineral 
naphtha ; when melted add, shellac, 2 pints, and cool on a slab. 

Xarine Olne, another. — Glue, 12 pints ; water to dissolve, and yellow 
resin, 3 pints ; melt, add turpentine, 4 pints, and mix. 

Portable Olne fbr Draughtsmen. — Glue, 5 oz. ; sugar, 2 oz. ; water, 

* The Author is indebted for some of these receipts to **The Engineer," and "The 
English Medianic" 
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8 oz. ; melt in water bath ; cast in moulds ; and dissolve for use in wann 
water. 

Portable Olne for Thin Paper. — Gelatine, i lb., dissolved in water, 
and water evaporated till nearly expelled ; add \ lb. brown sugar, and pour 
into moulds. 

Olne for Damp Wood. — Soak glue in water until soft; then dissolve in 
smallest amoimt of proof spirit by gentle heat ; in 2 lbs. of the mixture dis- 
solve 10 grains gum ammoniacum, and while liquid add half a drachm of 
mastic dissolved in 3 drachms rectified spirit. 

Olne to resist Damp. — ^Boil linseed oil with ordinary glue. 

Chun for Paper Labels. — Dextrine, 2 oz. ; acetic acid, i oz. ; water, 
5 oz. ; alcohol, i oz. ; add the alcohol to the other ingredients when the 
dextrine is dissolved. 

Cement for Papier Kaobev Cards, dte* — ^Dissolve isinglass in alcohol 
and add sufficient rice flour to thicken ; warm gently, and add a small 
quantity acetic acid. 

Tongb Cement fbr Paper, Cards, Zinen, dso. — Mix 8 oz. rice flour 
with cold water ; simmer gently, and then add 2 oz. glue dissolved in water, 
and alum i oz. 

Tongb Olne Cement. — Soak Russian glue for 12 hours in cold water; 
pour off the water, and add sufficient glacial acetic acid ; dissolve in a hot 
water bath. 

Olne to resist Koistnre. — i lb. glue melted in 2 quarts skimmed 
milk. 

Olne to resist Koistnre, another. — i glue ; i black resin ; ^ red 
ochre; melt and mix. 

Thick Olne Cement to resist Koistnre. — Shellac, 4 oz.; borax, i oz.; 
boil in a little water, and concentrate by heat to a paste. 

Tongb Olne Cement. — ^To ordinary glue add \ part vinegar and a little 
glycerine ; mix plaster of paris with it to the required consistency. 

Cement fbr Parchment and Card Board. — Powdered Chalk and a 
little glycerine mixed with common glue. 

Utharge Cement. — Litharge, i oz. ; plaster of paris, i oz. ; powdered 
resin, ^ oz. 

Cementing Ketal to Olass. — Copal varnish, 15 : drying oil, 5; tur- 
pentine, 3 ; melt in a water bath, and add 10 parts slacked lime. 

Cementing Ketal to Olass ; another. — Mix 2 parts powdered litharge 
and I part white lead ; mix 3 parts boiled linseed oil with i part copal var- 
nish, and stir the powder into the liquid. 

Cement for Joining Ketals to Wood. — Dissolve in boiling water, 
glue, 2^ lb. ; gum ammoniacum, 2 oz. ; adding, in small quantities, 2 oz. 

sulphuric acid. 

Cement for Joining Ketals to Earthenware. — ^Washed fine sand, 
20 parts ; litharge, 2 parts ; powdered quicklime, i part ; mix with boiled 
linseed oil, and colour with any pigment 
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Cement for Iron Stove Pipes and for filling Gradoi in Stores. — 

Equal parts pulverised claj and fine wood ashes, and a little salt ; mix with 
water to the consistency of putty. 

Cement for Stoves and Banges. — ^Mix fire clay, with a solution of sili- 
cate of soda. 

Cement for Chemical Apparatus. — Melt and mix starch, glycerine, 
and gypsum to required consistency. 

Cement for Joining Xetals to Bone, ZTory, and Wood. — ^Mix 
litharge with glycerine to the required consistency. 

Cement for Leather, Canvas, Cloth« Parchment, dte. — ^Melt and 
mix glycerine with glue. 

Cement for Thick Leather. — ^Melt and mix glycerine with glue, and 
add pure tannin to proper consistency. 

Pale Tongh Cement. — ^Dissolve 75 parts of white indiarubber in 6 parts 
chloroform, and add 1 5 parts mastic and a little glycerine. 

Porcelain Cement. — ^Add plaster of paris to a strong solution of alum. 

Cement for Pastening Xetal Tops on Oil Lamps. — 5 parts water, 
boiled with 3 parts resin, i part of caustic soda, and mix with half its weight 
of plaster of paris. 

Cement for Piadng Brass Letters on Glass. — ^Copal varnish, 15 
parts; drying oil, 5 parts; turpentine, 2 parts; liquified marine glue, 5 
parts ; melt in a water bath, and add 10 parts dry slacked lime. 

Tongh Cement fbr Varions Purposes. — Guttapercha, i lb. ; india- 
rubber, 4 oz. ; dissolved in bisulphide of carbon ; pitch, 2 oz. ; shellac, 
3 oz. ; boiled oil, 2 oz. ; melted together. 

White Cement fbv Shells and Varions Purposes. — ^Best gelatine, 
I oz., dissolved in water ; then add i drachm glacial acetic acid and a small 
quantity of powdered and sifted calcined oyster shells. 

Cement fbr Coating Acid Tronghs. — Melt together, i part pitch, 

1 part resin, and i part plaster of paris. 

Thick White Cement. — Resin, 4 oz. ; beeswax, i oz. ; plaster of pans, 
5 oz. ; borax, i oz. 

Cement for Piadng Iron Bars into Stone. — ^A compound of equal 
parts of sulphur and pitch. 

Zndiambber Cement. — Dissolve 2 oz. of pure white raw indiarubber 
in I pint benzoline or bisulphide of carbon ; heat in a hot water bath. 

Cntlen/ Cement for fastening the Blades of KniTOs into Bandies. 
— Resin, 4 parts ; beeswax, i part ; brickdust, i part. Another cement for 
the same is: resin, 4 parts; pitch, 4 parts; tallow, 2 parts; brickdust, 

2 parts. 

Cement for Box Wood and other Sard Woods. — Dissolve ^ ox. 
isinglass in alcohol ; and mix sugar, \ oz. ; box wood filings, i oz. ; and 
add a litde acetic acid. 

Cement ibr Cementing Bmezy to Wood. — Melt and mix equal parts 
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of shellac, white resin, and carbolic acid in crystals ; add the acid after the 
others are melted. 

Strong Paste Cement. — Glue, i part ; flour, 4 parts ; add sufficient 
water and boil gently; then add a little glacial acetic acid and mix well. 

Paste for Labelling Tin and Iron, te. — To ordinary paste add a 
small quantity each of glue and chloride of calcium. Another is : to 8 oz. 
of paste add 20 drops of a solution of chloride of antimony. And another 
is : 10 oz. mucilage of gum tragacanth ; 10 oz. honey of roses ; and i oz. 
flour. 

Waterproof Cement. — Gelatine, 5 parts ; solution of acid chromate of 
lime, I part ; after using, expose the article to sunlight. 

Waterproof Paste Cement. — ^To hot starch paste, add i its weight of 
turpentine and a small piece of alum. 

Cement fbr Sepairing Bronze and Zinc. — Mix powdered chalk and 
zinc-dust, and stir them into soluble glass solution of 30 B, until the mixture 
is fine and plastic. 

Cement LiTiing fox Inside of Cisterns. — Powdered brick, 2 ; quick- 
lime, 2 ; wood ashes, 2 ; made into paste with boiled oil. 

Cement for Seams and Joints of Stone Cisterns, dso, — Powdered 
brick, 6 ; white lead, i ; litharge, i ; mixed to a paste with boiled lin- 
seed oil. 

Cement for Joining Porcelain Seads to Ketal Bars. — ^Mix Port- 
land cement with hot glue. 

Cement for Pizing Tiles in Orates and Fireplaces. — Mix with hot 
glue, to the consistency of mortar, equal parts, sand, plaster of paris, and 
hair mortar. 

Cement for Alabaster. — Melted alum. 

Strong Wliite Cement. — Mix finely powdered rice into a paste with 
cold water, add warm water to the proper consistency, boil for ^we minutes, 
and add a small quantity each of dissolved isinglass and acetic acid. 

Wliite Cement. — Plaster of paris mixed with alum water. 

Wliite Cement. — ^White lead, whiting, a small piece glycerine, well 
mixed with a little dissolved isinglass to the required consistency. 

Common Black Sealing Wax. — Common resin, 6 lb. ; yellow bees- 
wax, i lb. ; lamp black, i lb. 

Common Sed Boaling Wax. — ^Window glass resin, 6 lb. ; white bees- 
wax, \ lb. ; colour with Venetian red. 

Sealing Wax. — ^Venice turpentine, 4^ oz. ; shellac, 9 oz. ; colophony, 
3 oz. ; and enough pigment mixed with turpentine to colour it. 

Sealing Wax. — Resin, 6 lb. ; red ochre, i lb. ; plaster of paris, i lb. ; 
linseed oil, i oz. 

Sealing Wax. — Resin, 50 parts; red lead, 37 parts; turpentine, 13 

parts. 
Shoemakers' Wax. — Melt equal parts pitch and resin; then add a 
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little tallow ; pour into water, and pull it into cords till tough ; cut into 
pieces and keep in water. 

Seel-ball. — ^Mix together beeswax and vegetable black, and enough 
resin to give it the required hardness. 

Strong Cement. — Equal parts guttapercha and shellac, melted and 
mixed with a little white lead. 

Tongli Cement. — ^White raw indiarubber, 2 oz. ; isinglass, } oz. ; 
guttapercha, 3 oz. ; bisulphide of carbon, 8 oz. ; heat in a hot water bath. 

Cement fbr Fiadng Paper on Glass. — Soak glue in vinegar, boil, and 
add flour to required consistency. 

Cement for Worm-eaten Wood. — Mix whiting with phenic acid and 
essence of turpentine, and a little linseed oil ; before applying, paint the 
wood over, and allow it to soak in, with a mixture of i oz. chili capsicum 
and I quart benzoline, properly dissolved 

Cement for Filling np Cxadcs in Stove Orates. — Make a paste of 
pulverised iron and water glass. 

Waterproof Cement nsed by Calico Printers. — i lb. binacetate of 
copper and 3 lb. sulphate of copper, dissolved in i gallon of water, and the 
solution thickened with 2 lb. gum sanegal ; i lb. British gum ; 4 lb. pipe- 
clay, and 3 oz. nitrate of copper are afterwards added. 

Cement for Fastening Cloth on to Xetal and Wood Boilers.— 
Common glue and isinglass, equal parts ; soak in small quantity of water 
for 10 hours ; then boil, and add pure tannin till it becomes thick ; apply 
hot. 

Cement for Marble. — 20 parts, fine sand; litharge, 2; dry slacked 
lime, I ; plaster of paris, i ; make into a putty with boiled linseed oil. 

Cement to resist WkLte Seat. — Pulverised clay, 4 parts; plumbago, i; 
iron filings, free from oxide, 2 ; peroxide of manganese, i ; borax, \ ; sea- 
salt, ^ ; mix with water to thick paste ; use immediately, and heat graduallj 
to a nearly white heat. 

Jewellers' Cement. — Isinglass, ^ oz. ; gum mastic, | oz. ; gum am- 
moniacum, i drachm ; dissolve in alcohol ; heat and well mix. 

Cabinet Kakers' Cement for Fastening Cloth and Leather, te^ 
on to Wood. — Boil i lb. rye flour into a thick paste with water; next melt 
3 oz. glue in a little water, and add 2 oz. treacle ; add this mixture to the 
paste, and boil with water to the required consistency. 

Von-Gondncting Cement, fbr Covering Boilers and Steam Pipes. 
— Portland cement, i part ; flour, 2 ; fine sand, i ; sawdust, 4 parts ; mix 
these dry, and then add, clay, 4 parts ; plasterers* hair, \ part ; mix well 
together with water to the consistency of mortar ; apply with a trowel to the 
thickness of an inch ; when dry, apply successive coats of same thickness 
until from 5 to 7 inches thickness of composition is applied ; let each coat 
dry before applying another, and finally give it 2 or 3 coats of tar. 

Cement for Joints, to resist Great Seat. — Asbestos powder made 
into a thick paste, with liquid silicate of soda. 
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Cement fbr Steaia and Water Jointe. — Ground litharge, 10 lbs. ; 
plaster of paris, 4 lbs. ; yellow ochre, i lb. ; red lead, a lbs. ; hemp cut 
into i inch lengths, ^ oz. ; mix with boiled linseed oil to consistency of 
putty. 

Cement fbr Steam and Water Joints. — ^White lead, 10 parts ; black 
oxide of manganese, 3 ; litharge, i part ; mix with boiled linseed oil to 
consistency of putty. 

Cement for Cisteme and Wateroonrees. — Powdered burnt clay, 50 
parts ; powdered fire brick, 40 parts ; litharge, 10 parts ; mix with boiled 
linseed oil to consistency of thin plaster. Wet the parts to be covered with 
water before applying. 

Cement fbr Cisterns. — Ground litharge, 5 parts; concentrated gly- 
cerine, i part ; plaster of paris, 4 parts ; fine sand, i part ; resin, ^ part ; 
mix with boiled linseed oil to consistency of plaster. 

&nst Joint Cement for Cast Iron Cisterns. — Cast iron borings, 
5 lb. ; powdered salammoniac, i oz. ; flour of sulphur, 2 oz. ; mix with 
water. If not required for immediate use, a better cement is composed of: 
cast iron borings, 6 lbs. ; powdered salammoniac, i oz. ; flour of sulphur, 
i oz.; mix with water. 

Note. — ^The cubic contents in inches of the joint, divided by 5, will be 
approximately the weight of dry borings required to make the joint. 

Bed Lead Cement for Faoed Steam Joints. — ^White lead, i part ; 
red lead, i part ; mix with boiled linseed oil to the consistency of putty. 

Cement for Faoed Steam Joints to stand Oreat Seat. — Plumbago, 

1 part ; red lead, i ; white lead, i part ; mix with boiled linseed oil to con- 
sistency of putty. 

Steam Joints. — ^Lead wire makes an excellent joint. 

Cement for Tnmaoes. — Fire clay, i part; burnt fire clay, i part; 
mixed with suflicient silica of soda to make it plastic. 

Cement fbr Leather Belts. — Guttapercha, 3 ; pure white raw india- 
rubber, I ; dissolved in 8 of bisulphide of carbon. 

Cement tor Leather Belts. — ^Another one is: — Guttapercha, 16; 
pure white raw indiarubber, 4 ; dissolve ; then add pitch, 2 ; shellac, i ; 
boiled linseed oil, 2. 

Turners' Cement. — ^Burgundy pitch, 2 lbs. ; resin, 2 lbs. ; yellow wax, 

2 oz. ; melt, and add 2 lbs. of whiting ; pour out on a slab and roll into 

sticks. 

Bnamel Olase Cement fbr Coating Iron Pans. — Flint glass, 130 
parts; carb. soda, 20*5; boracic acid, 12 parts; dry at a temperature of 
icx) C. ; heat to redness and anneal. 

Cement fbr Fastening Leather on Iron Pnlleys. — Soak for 10 
hours I part crushed nut-galls in 8 parts water ; strain, and apply hot to 
the leather. Pulley to be warmed and coated with glue mixed with a 
little treacle. 

Another cement for same is: — i part isinglass, 5 parts fish glue, 
dissolved in 6 parts water ; then add gently i part nitric acid. 



320 



THE WORKS manager's HAND-BOOK. 



PAINTS, WOOD STAINS, AND VARNISHES.* 

Machimrry, — Rough castings spoil the look, and lower the 
value, of machineiy. A nice smooth surface can be cheaply, and efficiently 
got up, as follows. First chip off all rough projections on the casting, and 
rub it hard all over with a piece of sandstone ; next give it a coat of thin good 
oil paint. When diy, fill up all rough and hollow places with putty made 
of white lead, lampblack or dry lead paint, and gold size, which will set 
hard. Next thin the said mixture down to the consistency of treacle with 
spirits, and give the casting a coat of it. When dry, rub the casting down 
to a smooth surface with pumice stone and water, and give it two finishing 
coats of paint. 

Tur Faint fox XroA Work. — Gas tar, 7 parts ; naphtha, i part. 

Faint f6r Zron Work ezpoMcL to Weather. — Red oxide of iron, 
ground in oil, mixed mth equal parts boiled linseed oil and turpentine, with 

I oz. of patent dryers to the lb. 

Faint to prerent Bry Sot. — ^Wood tar, i part ; train oil, i part; oil 
of cassia, i part ; apply three coats of it. 

Faint fir Stone. — ^Browning's solution for protecting the surface of 
stone consists of 85I per cent, by weight of benzoline ; 10 of gum dammar; 
3 of sugar of lead ; 2 of wax, and i per cent, of corrosive sublimate. Apply 
with a brush, after having cleaned the surface of the stone. 

Faint ibr Wire. — Mix linseed oil with as much litharge as will make it 
the required thickness ; add -^th part of lampblack. Boil for 3 hours, and 
apply in thin coats. 

Tlezihle Faint for Canvas. — ^Yellow soap, 3| lbs. ; boiling water, 

I I gallons; dissolve and grind the solution while hot with 125 parts oil 
paint. 

Faint fbr Blackboarde.— Finely powdered pumice stone, 4 oz. ; pow- 
dered rottenstone, 3 oz. ; red lead, i oz. ; lampblack, 8 oz. ; glycerine, 
I oz. ; mix and make into a paste with shellac varnish, and then add a quarts 
shellac varnish ; apply 2 coats ; stir well. 

Anti-ozidation Faint. — Red lead, 8 parts; zinc in powder, 10 parts; 
dryers, 2 parts ; linseed oil, 80 parts. Make only as much as is required 
for the time, and apply quickly when fresh. 

Table 149. — Composition of Oil Varnishes. 





Nax 
Varnish. 


No. a 
Varnish. 


Varnish. 


Varnish. 


Nas 
VaraidL 


Amber 

Shellac . . . 

Pale copal 

Pale resin . . . 

Dndng linseed oil . 

Oil of turpentine . . 


oc 

2 

■ •• 
• •• 
*•• 

1 


oz. 
2 

■ •• 
••• 

■ •• 

5 
5 


oz. 

4 

I 

••• 

•• • 

4 

8 


OS. 

.•• 
• •• 

4 
•*. 

8 
12 


..a 
.•• 
• •• 

3 
8 



* The Author is indebted for some of these receipts to "The Eogineer," and "The 
English Mechanic." 
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Varnishes No. i and 2 are dissolved by heat. No. 3 varnish : — ^first dis- 
solve the shellac ; then add the amber, and dissolve by heat. No. 4 var- 
nish: — ^boil the copal and drying oil until stiff; thin with the oil of 
turpentine, and strain. — No. 5 varnish dissolve. 

Table 150. — Composition of Spirit Varnishes. 





No. 6 
Varnish. 


Varnish. 


No. 8 
Varnish. 


No. 
Varnish. 


No. zo 
Varnish. 


No. IX 
Varnish. 


No. xa 
Varnish. 


No. x^ 
Varnish. 


Sandarac 


DC 

2 


oz. 

8 


oc 
... 


oz. 
4 


oz. 
2 


oc 

• • • 


oz. 

I 


oz. 

I 


Best shellac . . 


I 


... 


5 


2 


5 


10 


5 


4 


Mastic . 


1 

s 


* • • 


... 


I 


... 


2 


I 


I 


Benzoin . . . 


... 


. . • 


... 


I 


. . ■ 


• • . 


I 


I 


Powdered glass . 


I 


... 


... 


4 


5 


... 


• • a 


... 


Venice turpentine . 
Elemi . 


I 

1 

2 


2 

... 


I 

... 


2 

• • « 


2 


... 
... 


... 
... 


I 

... 


Alcohol . . . 


6 


32 


32 


32 


24 


32 


32 


32 



Varnishes can be " paled " by adding 2 drachms of oxalic acid per pint 
of varnish. They can be coloured red with dragons' blood ; brown, with 
logwood or madder ; yellow, with aloes or gamboge ; each digested in 
spirits and strained. 

Colourless Spirit Varnish. — ^Dissolve 5 oz. best shellac in a quart of 
rectified spirits of wine ; boil for a few minutes with 10 oz. of good well- 
bumt animal charcoal ; filter first through silk and then through blotting- 
paper. 

Colourless Spirit Varnish. — ^Dissolve bleached shellac in alcohol ; 
when clear, pour off and add spirits of wine until the required thickness is 
obtained. Bleached shellac should be kept in the dark, and used imme- 
diately after bleaching. 

Black Varnish. — Melt i lb. amber and add ^ pint hot linseed oil, and 
then add 3 oz. each of black resin and asphaltum ; when nearly cold, add 
I pint oil of turpentine. 

Ebonising Wood. — Mix logwood, 2 lbs. ; tannic acid, i lb. ; sulphate of 
iron, I lb. ; apply hot. 

Ebonising Wood. — ^Water, 2 gallons; logwood chips, 2 lbs.; black 
copperas, i lb. ; logwood extract, i lb. ; indigo blue, i lb. ; lampblack, J lb. ; 
boil, cool, and strain, and add | oz. nut-galls. 

Brunswick Black. — Melt 4 lbs. asphaltum ; add i quart boiled linseed 
oil, and i gallon oil of turpentine. 

To Bemove Old Paint. — Use a strong solution of caustic soda. 
Another way is to use a mixture of i lb. pearlash and 3 lbs. quicklime and 
water ; let it soak into the paint for 12 hours. 

Benovating Polish for Wood Work. — Olive oil, i lb. ; rectified oil of 
amber, i lb. ; spirits of turpentine, i lb. ; oil of lavender, i oz. ; alkanet 

Y 
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root, i oz. Another renovating polish is — pale linseed oil, 2 pints ; strong 
distilled vinegar, i pint ; spirit of turpentine, ^ pint ; muriatic acid, i oz. 

Stains for Wood. — JRed. — ^Brazil wood, 1 1 parts ; alum, 4 parts. Boil. 
Blue. — Logwood, 7 parts; blue vitriol, i part; water, 22 parts. Boil. 
Black, — Logwood, 9 parts; sulphate of iron, i part; water, 35 parts. Boil. 
Green, — ^Verdigris, i part ; vinegar, 3 parts. Dissolve, yellow, — French 
berries, 7 parts ; water, 10 parts ; alum, i part. Boil. Purple, — ^Logwood, 
1 1 parts ; alum, 3 parts ; water, 29 parts. Boil. 

Walnut Stain. — ^Boil 2 quarts of water, add 3 oz. washing soda, and 
then, by a little at a time, add 5 oz. vandyke brown ; when the foaming 
ceases, add \ oz. bichromate of potash. 

Brown Stain.^Dissolve permanganate of potash in water. 

Bosewood Stain. — ^Alcohol, 2 gallons ; camwood, 3 lb. ; red sanders, 

1 lb.; aquafortis, \ lb. Apply 3 coats: rub with sandpaper; grain with 
iron rust; shade with asphaltum, thinned with turpentine. In staining 
wood, depth of colour may be obtained by giving several coats of stain ; 
rub down with fine sandpaper, and give two coats of size before varnishing. 
For dark wood — ^varnish with French polish, i part ; brown hard varnish, 

2 parts. For light wood — ^varnish with 2 parts white French polish, and 3 
parts white hard varnish. 

Staining Floors. — Oak Stain, American potash, 2 oz. ; pearlash, 2 oz. ; 
water, i quart. Mahogany Slain, — ^Madder, 8 oz. ; logwood chips, 2 oz. ; 
boil in I gallon water, and apply hot. When dry, paint it over with a solu- 
tion of — water, i quart ; pearlash, 2 drachms ; next, size and polish. 

Polishing Stainod Floors. — After sizing, apply the following polish, 
viz. : white wax, 4 parts ; yellow wax, 8 parts ; castile soap, i part ; soft 
water, 20 parts ; turpentine, 20 parts ; the soap to be melted in the water, the 
wax to be dissolved in the turpentine. Mix the whole, brush it on the floor, 
and well rub with a cloth pad. 

To Darken Xaliogany. — Apply a solution of bichromate of potash. 

Green Vamisli for Xetals. — Bronze green — strong vinegar, 2 quarts ; 
mineral green, i oz. ; raw umber, i oz. ; salammoniac, i oz. ; gum arabic, 
4 oz. ; French berries, i oz. ; copperas, i oz. ; dissolve with gentle heat, 
cool, and filter. 

Green Transparent Vamisli. — Chinese blue, i oz.; powdered chro- 
mate of potassa, 2 oz. ; well ground and mixed ; add a sufficient qoantitj 
of copal varnish and thin with turpentine. 

Waterproof Vamisli. — Dissolve guttapercha, 4 oz., resin, a oz., in 
bisulphide of carbon, and add 2 lb. hot linseed oil varnish. 

Pattern Xakers' Vamisli. — Methylated spirit, i gallon ; shellac, \ lb.; 
plumbago, \ lb. ; dissolve and frequently stir. 

Vamisli for Drawings. — ^Dissolve by gentle heat, 8 oz. sandarac in 
32 oz. alcohol. Another is — Dissolve 2 lb. mastic and 2 lb. dammar in 
I gallon turpentine, without heat. The drawing to be first sized, with a 
stronjc solution of isinglass and hot water. 
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Composition for TaJdng Zmprottdons and Casts. — 4 parts black 
resin ; i part yellow wax. 

nexiUe Composition fbr Ta]dng Impressions and Casts. — Glue, 
12 parts ; melt and add treacle, 3 parts. 

Modelling day. — ^Knead dry clay with glycerine. 

Kodelling Wax. — ^Equal parts of beeswax, lead plaster, olive oil, and 
yellow resin ; add whiting enough to make a paste. 

Flux for Brass. — i oz. common soap ; | oz. quicklime ; ^ oz. salt- 
petre ; mix into a ball, and place in the crucible when lifted out of the fur- 
nace. This is sufficient for about 50 lbs. of metal. 

Dusting for Konlds for Brass Work. — ^To produce castings with a 
clean face and fine skin : for light castings of brass and gun metal, after 
moulding, first dust the moulds with pea-meal, and on the top of same add 
a slight dust of plumbago. For heavy gun metal castings, dust only with 
plumbago. 

Flnmbago CmoiUes are made of 2 parts graphite and i part fire clay. 

Fire-olaj CmoiUes. — 2 parts Stourbridge clay ; i part finely powdered 
hard gas coke. 

Berlin Cmcililes. — 8 parts Stourbridge clay ; 3 old crucibles ground 
finely ; 5 coke ; 4 graphite. 

To Prevent Casthigs SliaUng after being Cast on to Wrought 
Iron — Split the end of the wrought iron bar, and well jag the same. 

To BemoTO Sand and Soale from Small Castings of Iron. — 
Pickle for 14 hours in a solution of water, 4 parts; oil of vitriol, i part. 

To Clean the Snr&oe of Copper. — Scour with muriatic acid and fine 
sand, and rinse with water. 

To Clean Tarnished Bronze and Brass Work. — Rub with a paste 
made of oxalic acid, i oz. ; rottenstone, 6 oz. ; powdered gum arable, | oz. ; 
sweet oil, i oz. ; water sufficient to make a paste ; rinse with water, and 
finish with whiting and leather. A golden colour may be given to clean 
brass by first pickling it, and dipping for a few seconds in a solution of water, 
muriatic acid, and alum. 

To Clean Silver. — Apply the following solution with a soft brush : — 
cyanide of potassium, 4 drachms ; nitrate of silver, 10 grains ; water, 4 oz. ; 
afterwards wash well with water, dry, and polish with soft wash leather. 

To Clean Silver. — ^Another method is to brush it, with a solution of 
water, and hyposulphate of soda. 

Polishing Brass Work in a Lathe. — Use old burnt crucibles, reduced 
to a fine powder. 

In Turning Very Sard Iron or Steel use a drip for the tool, of pe- 
troleum, 2 parts; turpentine, i part; and add a little camphor. 

Y 2 
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Water Tests. — ^To ascertain if water is hard, put a few drops of soap 
dissolved in alcohol into a glass of water ; if the water is hard, it will be- 
come milky. To ascertain if water contains iron, put a small piece of 
prussiate of potash into a glass of water ; if the water contains iron, it will 
become a blue colour. 

To Bemove Vnts whioli have Busted Fast on Belts. — ^Make a 
funnel of clay round the nut, and fill it with petroleum, and let it remain for 
a few hours. 

To Prevent Z^amp Glasses flrom Breaking. — Anneal, by placing 
the glass in cold water, with some common salt added ; raise to a boiling 
heat, gently. Boil for 20 minutes, and allow to cool slowly; the glass not 
to be removed until the water is quite cold. 

Self-Lnlirioating Bearings. — In hard gun metal bushes, — bored and 
fitted to the shaft to bear properly all over, — drill 4 holes per superficial 
inch, each ^ inch diameter x ^ inch deep. The holes to be flat at the 
bottom, and to be spaced in zigzag rows, so that the holes in one row 
divide the spaces between the holes in the other row — ^and fill the holes 
with the following compound, viz. : — Melt i lb. solid paraffin, and add a 
small quantity each of litharge, dissolved isinglass, and sulphur ; and then 
add 2 lb. fine plumbago, and mix thoroughly. 

Antifriction Lubricating Componnd for the Bearings of Bngiaes 
and Sliafting, and for Cylinders. — Lubricating paraffin oil, i gallon; 
solid paraffin, 2 lb.; plumbago, finest, 2 lb. ; melt and mix thoroughly. 

Aade Grease. — Tallow, 8 lb. ; palm oil, i gallon ; mineral oil, i gallon ; 
plumbago, i lb. ; melt and mix. 

Aade Grease. — Water, i gallon ; mineral oil, i gallon ; tallow, 4 lbs. ; 
palm oil, 6 lb. ; soda, \ lb. ; melt and mix. 

Grease for Wood Toothed Wheels. — Make a thin mixture of soft soap, 
and plumbago. 

Xaohinery OiL — A good oil for machinery consists of a mixture of 
good mineral oil, 15 gallons ; rape oil, 6 gallons ; lard oil, 4 gallons. 

To Preserve Steel Instruments from Bnst. — Rub the steel with 
vaseline. Another receipt for the same puipose is : — Mix equal pans oi 
olive oil and carbolic acid. Another receipt is: — Camphor, | oz., dissolved 
in i pint olive oil. Another receipt is : — ^ pint fat oil varnish, mixed with 
2i pints rectified spirits of turpentine. 

To Pre s erve Xetals from Bnst use one of the following methods : — 
(i.) Cover with a mixture of white lead and tallow. (2.) Mixture of 
equal parts beeswax and ozokerit, melted together. (3.) Camphor, \ oz.^ 
dissolved in i lb. of melted lard ; take of! the scum and mix in as much 
black lead as will give it an iron colour. Coat with this mixture, and let 
it remain on for 24 hours ; then wipe off with a linen cloth ;^-or a better 
result will be got by leaving it on, if the articles are exposed to mnch 
damp. (4.) Coat with a mixture of paraffin oil, solid paraffin, and bU^ 
lead. 
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To Bafine Oil f6r Fixie KeohanLnn. — Add equal parts of lead and 
zinc shavings to best olive oil« and leave it in a cool place until the oil 
becomes colourless. 

Waterproofing Canvas. — Water, i| pint ; hard yellow soap, 6 oz. ; 
when boiling, add 5 lb. boiled linseed oil and | lb. patent dryers. Another 
method is to steep the canvas first in a solution of water, with 20 per cent, 
of soap, and afterwards into a solution containing 20 per cent, sulphate of 
copper. 

Waterproofing Calieo.— Boiled linseed oil, i quart; soft soap, i oz. ; 
beeswax, i oz. ; the whole to be boiled down to three-fourths of its previous 
quantity. Another method is — ^hard yellow soap, 4 oz., cut into shavings, 
and beat with sufficient water to the consistency of cream ; then stir it well 
into I pint boiled linseed oil. Apply with a brush on one side of the 
calico only. 

Tarpaulin Dressing for Waterproofing Sheets for Bailway 
Wagons and Carts, te. — Linseed oil, 95 gallons; litharge, 8 lbs.; 
umber, 7 lb. ; boil for 24 hours, and colour with vegetable black, 8 lbs. 

Waterproofing Briok Walls. — Soft paraffin wax, 2 lb. ; shellac, i lb. ; 
powdered resin, ^ lb. ; benzoline spirit, 2 quarts ; dissolve by gentle heat in 
a water bath ; then add i gallon benzoline spirit ; and apply warm. Being 
very inflammable, keep it away from fire. 

Waterproofing Woollen Cloth. — Mix i lb. alum and ^ lb. sugar of 
lead in 2 gallons of rain water ; stir up repeatedly at intervals during 3 
hours; then allow to settle, and pour off the clear solution, in which 
immerse the cloth for 24 hours ; s^ter which let the cloth drip and dry, 
without wringing. Another method is to dissolve equal parts of isinglass, 
alum, and soap in water ; each to be dissolved separately, and then all well 
mixed together; brush the solution on the wrong side of the cloth, and diy; 
afterwards brush the cloth well first with a dry brush, and then brush 
lightly with a brush dipped in rain water, and dry. Another process is : — 
boil the cloth in a solution of water, i gallon ; soap, 2 oz. ; glue, 4 oz., for 
several hours ; afterwards wring and dry ; and then steep for 10 hours in a 
solution of water, i gallon; alum, 13 oz. ; salt. 15 oz. ; wring and dry at 
80° temperature. 

Waterproofing Packing Paper. — First dissolve if lb. of white soap 
in I quart water ; next dissolve 2 oz. of gum arabic and 5 oz. glue in a 
quart of water; mix the two solutions and heat; soak the paper in the mix- 
ture and hang up to dry. 

Waterproof Dressing for Leather. — Beeswax, i oz. ; powdered resin, 
I oz. ; soap, 3 oz. ; castor oil, i pint ; boiled oil, i quart ; boil, and after- 
wards thin to proper consistency with warm oil of turpentine. 

Mixture for Preserving Leather Belts. — First wash the belt with 
warm water, and apply a mixture of castor oil, 2 quarts ; tallow, i lb. ; pow- 
dered resin, i oz. ; hard soap, 2 oz. ; melt and mix. 

]>ubliing.^Black resin, 2 lbs. ; tallow, i lb. ; train oil, i gallon. 
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Freezing Mixtuess. 

Sulphate of soda 8 parts by weight. 

Hydrochloric acid 5 ,, 

Pounded ice or snow 2 „ 

Common salt i „ 

Sulphate of soda 3 „ 

Dilute nitric acid 2 „ 

Sulphate of soda 6 „ 

Nitrate of ammonia 5 „ 

Dilute nitric acid 4 ,, 

Phosphate of soda 9 „ 

Dilute nitric acid 4 ,, 

Baior Paste. — Mix equal parts of jewellers' rouge, blacklead, and 
suet. Another receipt for the same purpose is — ^Levigated oxide of tin or 
pjitty powder, i oz. ; powdered oxalic acid, ^ oz. ; gum, 20 grains. 

Von-condncting Igaterial fnr Clothing Steam Cylindem and 
Pipes, to prerent Condensation. — Silicate cotton. 

To Sarden the Snz&ee of Wood Pnlleys. — ^Boil them for 10 minutes 
in olive oil, and allow them to dry. 

To Clean and Wliiten Ma r Me. — Make a paste of equal parts, whiting, 
pearlash, and dry soap ; cover the article thickly, and allow the paste to 
remain on for 14 days ; then wash off with a sponge and water. 

ImitatiDn Beeswaac — Melt and mix, solid paraffin, 60 parts ; yellow 
resin, 40 parts. 

Ink fiwr Harking Packages. — Boil 2 oz. shellac and 2 oz. borax in 
i^ pints of water until they are dissolved ; then add 2 oz. gum arabic ; 
when cold, add lamp-black or Venetian red to the proper colour. Keep 
the ink in a bottle. 

To Besharpen Files. — Old files worn too thin to recut, may be re- 
sharpened thus : — Clean the file by immersion, first in spirits of turpentine, 
and next in clean warm water ; then place the cleansed file point down- 
wards in a jar containing a solution of — ^nitric acid, i pint ; sulphuric acid, 
I pint ; water, i quart ; and allow the file to remain in the solution, for an 
hour or more, according to the depth of teeth. 

To make Small Artificial Stone Articles. — Reduce the stone to very 
fine powder, and mix it with as much fine soapstone as will make a thick 
dough ; place the dough in a mould, and subject the same to a good pres- 
sure ; after leaving the mould, bake the article in an oven. 

Steam Joints made with Zndiarabber. — ^Where indiarubber is used 
to make a steam joint — such as the joint of a mud-hole door — ^the india- 
rubber, as well as the faces of the joint, should be covered with a mixture 
of — ^tallow, I part ; blacklead, 2 parts ; which greatly adds to the efficiency 
and durability of the joint. 

To Take the Snlpknr ont of Coke. — ^Water it with salt and water. 
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In cases of accident, the following instractions should be observed^ pend- 
ing the arrival of medical aid : — 

A.popl0zy. — Raise the head and body, bare the head and neck, and 
promote circulation of fresh air. 

Bleeding. — If the blood spurts from a wound, an artery is divided ; bind 
the limb tightly above the wound with a handkerchief, scarf, or strap. If 
the blood does not spurt, but flows freely, a vein is divided ; bind the limb 
tightly below the wound. Raise the injured limb above the level of the 
body, and press the place from which the blood flows with the thumb, until 
a pad and bandage can be got ready, with which stop up the wound. If 
the scalp is wounded, apply a pad of cloth, and bandage it tightly over the 
wound with a pocket handkerchief. 

Broken Azin. — Pull the arm to the same length as the sound one; apply 
a wood splint to each side of the arm, and bind them firmly above and 
below the fracture, with bandages or pocket handkerchiefs. 

Broken Collar Bone. — Bend the arm over the front of the chest, place 
it in a sling, and bind it in that position by a scarf, going round the chest, 
outside the sling. 

Broken Jaw. — ^Bind a handkerchief under the chin and over the top of 
the head, and bind another across the chin and round the nape of the 
neck. 

Broken iMg. — Pull the leg to the same length as the sound one, roll up 
a sack or rug into the form of a cushion, and place the leg carefully upon 
it, and with handkerchiefs or scarves bind the two together. Do not move 
the sufferer until the stretclier arrives, and use care in lifting to prevent the 
broken bone coming through the skin. 

Broken Bibs. — Cause great pain when breathing ; bind a long broad 
bandage firmly round the chest. 

Broken Thigk. — Pull the leg to the same length as the sound one ; the 
knees must next be tied together, and afterwards tie the ankles together ; 
then lay both limbs over a sack of straw or folded rug, so as to bend the 
knees. The sufferer not to be moved until the stretcher arrives. 

Bmiees. — Apply iced water, or ice. 

Bums. — ^For slight burns, apply soft soap, or immerse the part in cold 
water until the pain subsides. Afterwards cover the part with flour and 
linseed oil, to exclude the air. For severe bums, apply cotton wool soaked 
in treacle and water, or in linseed oil, or oil and lime-water, and bind 
the same [on with a handkerchief. Another remedy is — mix whiting with 
oil or water' to the consistency of thick cream, and cover the burnt part 
with it. 

Choking. — Go down on hands and knees and cough. 

Cracked Bkin on Fingers. — ^Apply warm shoemakers' wax. 

Cnts. — ^Ferchloride of iron quickly arrests bleeding in cuts and slight 
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wounds, and it should be kept in every factory. Remove dirt from and 
close the wound ; then apply a pad soaked in either perchloride of iron, or 
in Friar's balsam, and bind round with linen. 

Browning. — Dr. Sylvester's Method. — ^Take the wet clothes of! the 
upper part of the body; lay the sufferer on his back, with his head on 
a folded rug for a cushion. Having cleared the mouth of any dirt, draw 
the tongue out of the mouth and hold it there. This opens the wind pipe. 
A second person kneels at the sufferei^s head, and takes hold of both his 
arms, just below the elbows. He then draws them upwards over the 
sufferer's head, and holds them in that position until he counts two. This 
draws air into the lungs. He then lowers the arms to the sides again, 
and presses them firmly inwards, holding them there until he has again 
counted two. This forces the air out of the lungs. Continue this process 
until he breathes naturally, when the limbs should be rubbed in an upward 
direction with diy hands or with hot flannel. Finally put the sufferer to 
bed between blankets surrounded with hot water bottles. 

Sar. — ^To remove insects, pour in oil or warm water. To remove foreign 
substances, syringe gently \iith warm water. 

SSyo. — ^Bruised or black, bind on a linen pad soaked in brandy. To 
remove dirt, use the point of a lead pencil. 

Fainting. — Keep the head low, bare the neck, and dash cold water on 
the face and chest, and promote circulation of fresh air. 

Fits. — Keep the head raised. If snoring and face flushed, bare the 
neck and dash cold water on the top of the head, and apply hot water 
bottles to the feet. If foaming at the mouth and convulsed, bare the neck 
and apply smelling salts, and prevent the sufferer from hurting himself 
until again conscious. 

Flesh Wonncbi. — ^\Vash with clean water, apply lint soaked in water, 
and bind round with a handkerchief. 

Frost Bites. — Rub with snow, or pour iced water on to the part, until 
the colour changes and a stinging pain comes. If the frozen part turns 
black next day, a poultice should be applied. 

Insensibility from Wounds or Blows on the Head. — Send the 
sufferer to the hospital, keeping him on his back, with his head raised and 
his neck bared. 

Insensibility from breathing fbul gas or from being taxied in 
fidls of earth. — Proceed as in case of drowning. 

Foisoning. — Promote vomiting by tickling the throat, or by swallowing 
a cupful of warm water mixed with a teaspoonful of mustard ; and swallow 
about a pint of sweet oil, which will quickly neutralize nearly all poisons. 

&iiptnre. — Push the part back with flat hand, and apply a cold wet 
cloth pad. Keep the sufferer on his back. 
Scalds. — Proceed as in the case of bums. 

Shin Wounds. — ^Apply a linen pad soaked in cold water, and bind round 
with linen. 



DECIMAL EQUIVALENTS, ETC. 



329 



Sprains. — ^Foment with hot water. 

Sting of Bees and Wasps. — ^Apply a few drops of liquid ammonia. 
Sunstroke. — ^Apply ice or iced water to the head, and keep the sufferer 
in a cool place. 

Table 151. — ^Height of Roofs and Weight of Roofing. 



Kbd of Covering. 



Copper covering 

Roofing felt . 

Corrugated iron, average . 

Zinc, average 

Boarding f inch thick 

Pantiles 

Thatch of straw or heather 

Lead .... 

Slates, ordinary . 

Plain tiles 

Stone slate 



Height of 

Roof in parts 

of Span. 



1 

IS 

1 

T 



TV 



S 

\' 

4 



Pressure of snow per inch in depth, may be 
Pressure of wind seldom exceeds 
Except in great storms, when it may be 



Weight upon a 

square foot of 

Roofing. 



24 

Oj 
40 

50 
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Table 152. — Fractional Parts of an Inch and their Decimal 

Equivalents. 



Inck 


Inch. 


Indi. 


Inch. 


W 


•03125 


iandtV 


•53"5 


A 


•0025 


* . 


•5625 


t 


•09375 
•125 


^and-^ 
land A 


•59375 
•625 


A 


•15625 


•65625 


A 


•1875 


« . 


•6875 


i and-^ 


•21875 
•25 


Hand^ 


•71875 
•75 


•28125 


; and^ 


•78125 


A 


•3125 


^ . 


•8125 


T^and^ 


•34375 


|f and^ 
i andtV 


•84375 


f 


•375 


•875 


fand^ 


•40625 


•90625 


A 


•4375 


tI 


•9375 


Aandi^ 


•46875 
5 


ffand-A- 
I 


•96875 
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Table 153. — ^Fractional Parts of i Foot and their Dscixal 

Equivalents. 



Inch. 


Foot. 


Inch. 


Foot. 


Inch. 


Foot. 


Inch. 


Fooc. 


i 


•0104 1 


1 


•0625 


4 


•3333 


9 


75 


•02083 


I 


•07291 


5 


•4166 


10 


•8333 


1 


•03125 


I 


•0833 


6 


•5 


II 


'9166 


8 


•04166 


3 


•1666 


7 


•5833 


12 


I'OOOO 


8 


•05208 


3 


•25 


8 


•6666 







Table 154. — Square Inches into Decimal Parts of i Foot Square. 



Inches. 


Foot. 


Inches. 


1 

Foot. 


Inches. 


Foot. 


Inches. 


Foot. 


144 


I'OO 


72 


•50 


13 


•09 


7 


•05 


130 


•90 


57 


•40 


II 


•08 


6 


•04 


"5 


•80 


43 


•30 


10 


•07 


4-3 


•03 


100 


70 


28 


•20 


9 


•06 


2-9 


•02 


87 


•60 


14 


•10 


8 


•056 

1 


1*4 


•01 



Table 155. — Surface of Tubes, i Foot Long, in 
Decimal Parts of a Square Foot. 



Bore. 


Surface. 

1 


Bore. 


Surface. 


Bore. 


Surface. 


Bore. 


Sui&oe. 


4 


•1636 


li 
It 


•2945 


l| 


•4253 


;} 


•5894 


1 


•1963 


•3270 


l| 


•4580 


•6540 


8 


'2291 


l| 


•3599 


l| 


•4906 


'i 


•7194 


I 


•2618 


l| 


•3927 


3 


'5233 


3 


• 7859 



Table 156. — ^Equivalent Rates per lb. and per cwt. 



Rate per lb. 


Rate per cwt. 


Rate per lb. 


Rate per cwt. 


Rate per Ibb 


Rate pert 


- 1 


Pence. 


£ *' d. 


Pence. 


£ $^ d. 


Pence. 


C s. 


A 


] ^ 


024 


2{ 


I 5 8 


7i 


3 10 





048 


3, 


I 8 


8 


3 14 


8 


X 


070 


3i 


I 12 8 


8i 


3 19 


4 


I 


094 


4 


I 17 4 


9 


4 4 





■1 


II 8 


4i 
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9i 


4 8 


8 


14 


5 


268 


10 


4 13 


4 


16 4 


5i 


2 II 4 


loi 


4 18 





2 


18 8 


6 


2 16 


II 


5 2 


8 


'\ 


I I 


6i 


308 


xx\ 


5 7 


4 


»t 


I 3 4 


7 


3 5 4 


12 


5 " 
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Table 157. — New Imperial Standard Wire Gauge. 



Descrip- 


£<}uiTalents 


Descrip- 


Eauivalents 


Descrip- 


Equivalents 


Descrip* 


Equivalents 


tive 


in parts 


tive 


m parts 


tive 


mparts 


tive 


m parts 


Number. 


of an Inch. 


Number. 


of an Inch. 


Number. 


of an Inch. 


Number. 


of an Inch. 


7/0 


•500 


9 


•144 


23 


•024 


37 


•0068 


. 6/0 


•464 


lO 


•128 


34 


•022 


38 


•0060 


5/0 


•432 


II 


•116 


25 


•020 


39 


•0052 


4/0 


•400 


12 


•104 


26 


•018 


40 


•0048 


3/0 


•372 


13 


•092 


27 


•0164 


41 


•0044 


3/0 


•348 


14 


•080 


28 


•0148 


42 


•0040 





•324 


15 


'072 


39 


•0136 


43 


•0036 


I 


•300 


16 


•064 


30 


•0124 


44 


•0032 


3 


•276 


17 


•056 


31 


•01 16 


45 


•0028 


3 


•252 


18 


•048 


3a 


•0108 


46 


•0024 


4 


•232 


19 


•040 


33 


•0100 


47 


•0020 


5 


•212 


20 


•036 


34 


•CX592 


48 


•0016 


6 


•192 


21 


•032 


35 


•0084 


49 


•0012 


7 


•176 


22 


•028 


36 


•cx)76 


50 


•CX)IO 


8 


•160 
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Table 158. — ^Fractional Parts op a Pound Avoirdupois and their 

Decimal Equivalents. 



Ounces. 


Lbs. 


Ounces. 


Lis. 


Ounce*. 


Lbs. 


i 


•015625 


5i 


•34375 


II 


•6875 


•03125 


6 


•375 


Hi 


•71875 


I 


•0625 


6i 


•40025 


12 


•75 


li 


•09375 


7, 


'^P 


I2i 


•78125 


2 


'I25 


7i 


•46875 


13 


•8125 


2i 


•15625 


8 


'S 


i3i 


•84375 


3, 


•1875 


H 


•S3"5 


14 


•875 


3i 


•21875 


9^ 


•5625 


14J 


•90625 


4 


•25 


9i 


•59375 


15, 


•9375 


4i 


•28125 


10 


•625 


i5i 


•96875 


5 


•3125 


loj 


•65625 


16 


I^OOO 



Size and Weight of Bricks and Tiles. 

London stock bricks, size in inches 8f x 4^ x 2f weight each 6| lbs. 

Red kiln . 

Welsh fire . 

Paving 

Plain roofing tiles 

Pantiles . 

Paving tiles 

Stone paving 



if 



99 



n 



»» 



»> 



» 



If 



»i 



tt 



»» 



Six 4iX2i 


yi 


7 ,f 


9 X 4iX2j 


»t 


7i « 


9 X 4ixii . 


fi 


5 » 


lojx 6ix f 


if 


2i „ 


i3tx 9ix i 


»» 


si » 


6x6x1 


)» 


ai .. 


12 XI2 X2 


ff 


*7 » 
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Table 159. — Fractional Parts of a Hundredwright and their 

Decimal Equivalents. 



Lbt. 


CWL 


1 

Qn. Lb6. 


Cwt. 


Qn. Lbs. 


Cwt. 


Qn. Lbs. 


Cwt. 


i 


•0044 


I 


•25 


2 


•5 


3 


7S 


X 


•CX589 
•0178 


I I 


•2590 


2 I 


•5089 


3 I 


7589 


2 


I 2 


•2678 


2 2 


•5178 


3 2 


7678 


3 


•0268 


I 3 


•2768 


2 3 


•5268 


3 3 


7768 


4 


•0357 


I 4 


•2857 


2 4 


•5357 


3 4 


7857 


5 


•0446 


I 5 


•2946 


2 5 


•5446 


3 5 


7946 


6 


•0535 


I 6 


'3035 


2 6 


•5535 


3 6 


•8035 


7 


•0625 


I 7 


•3125 


2 7 


•5625 


3 7 


•8125 


8 


•0714 


I 8 


•3214 


2 8 


•5714 


3 8 


•8214 


9 


•0803 


I 9 


•3303 


2 9 


•5803 


3 9 


•8303 


10 


•0892 


I 10 


•3392 


2 10 


•5892 


3 10 


•8392 


11 


•0982 


I II 


•3482 


2 II 


•5982 


3 " 


•8482 


12 


•I07I 


I 12 


•3571 


2 12 


•6077 


3 12 


•8571 


13 


•I 160 


I 13 


•3660 


2 13 


•6160 


3 13 


•8660 


H 


•1250 


I 14 


•375 


2 14 


•6250 


3 H 


•8750 


15 


•1339 


I 15 


•3839 


2 15 


•6339 


3 15 


•8839 


16 


•1429 


I 16 


•3930 


2 16 


•6429 


3 16 


•8929 


17 


•I5I8 


I 17 


•4018 


2 17 


•6518 


3 17 


•9018 


18 


•1607 


I 18 


•4107 


2 18 


•6607 


3 18 


•9107 


19 


'1 696 


I 19 


•419(3 


2 19 


•6696 


3 19 


'9196 


20 


•1786 


I 20 


*4286 


2 20 


•6786 


3 20 


•9286 


21 


•1876 


I 21 


•4375 


2 21 


•6875 


3 21 


•9375 


22 


•1964 


I 22 


•4464 


2 22 


•6964 


3 22 


•9464 


23 


•2054 


I 23 


•4554 


2 23 


•7054 


3 23 


•9S54 


34 


•2143 


I 24 


•4643 


2 24 


7143 


3 24 


•9643 


25 


'2232 


I 25 


•4732 


2 25 


7232 


3 25 


•973« 


26 


'2321 


I 26 


•4821 


2 26 


7321 


3 26 


•9821 


27 


'24II 


I 27 


•491 1 


2 27 


74" 


3 ^1 


•991 1 



















DECIMAL APPROXIMATES, ETC. 

Area of a circle s= diameter ' x 7854. 

Area of a circle x '6366 s= area of inscribed square. 

Area of an ellipse = the product of the two axes x 7854. 

Circumference of a circle = diameter x 3*1416. 

The circumference of a circle is nearly equal to 22 times the diameter 
divided by 7. 

Circumference of a circle x '2821 = side of a square of equal area. 

Diameter of a circle = circumference -r 3*1416. 

Diameter of a circle = square root of the quotient of the area di^ded bj 
7854. 

The diameter of a circle is nearly equal to 7 times the circumference 
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divided by 22. The difference of the diameters of any two circles, multi- 
plied by 3*1416, will give the difference of their circumference. 

Cubic inches x '028848 = pints. 

Cubic inches x '014424 = quarts. 

Cubic inches X '003606 = gallons. 

Cubic inches X '0163 = French litres. 

Cubic inches in imperial gallon = 277*274. 

Cubic feet x 6'232 = imperial gallons. 

Cubic feet x 779 = bushels. 

Diameter of circle x '8862 = side of equal square. 

Diameter of circle x 7071 = side of inscribed square. 

Surface of a sphere = diameter ^ x 3*1416. 

Solidity of a sphere = diameter * x "5236. 

Diameter of a sphere X '806 = dimensions of equal cube. 

Diameter of a sphere x *6667 =length of equal cylinder. 

Side of a square x 1*1284 = diameter of a circle of equal area. 

Side of a square multiplied by 3*545 = circumference of a circle of 
equal area. 

Side of an inscribed square x 1*4142 = diameter of the circumscribing 
circle. 

Side of an inscribed square x 4*4430 = circumference of the circum- 
scribing circle. 

Circular inches multiplied by '7854 = square inches. 

Square inches divided by '7854 = circular inches. 

Circular inches multiplied by '00456 = square feet. 

Square inches multiplied by '00695 = square feet. 

Square feet multiplied by *i 1 1 = square yards. 

Cubic inches multiplied by '00058 = cubic feet. 

Cubic feet multiplied by '03 704 = cubic yards. 

Cylindrical feet multiplied by '02909 = cubic yards. 

Links multiplied by *66 = feet. 

Feet multiplied by 1*5 = links. 

Square links multiplied by '4356 = square feet. 

Square feet multiplied by 2'3 = square links. 

Knots multiplied by 1*15 = miles. 

Miles multiplied by '87 = knots. 

Statute acres multiplied by 4840 = square yards. 

Grains multiplied by '0001429 = lbs. avoirdupois. 

Pounds avoirdupois multiplied by 7000 = grains. 

Pounds avoirdupois multiplied by "009 = cwts. 

Pounds avoirdupois multiplied by '00045 = ^<>^s- 

French hectolitres multiplied by 2*7512 = bushels. 

French grammes multiplied by '002 205 = lbs. avoirdupois. 

French kilogrammes multiplied by 2*205 = lbs. avoirdupois. 

Area of egg-shaped sewer = one-half the square of the depth. 



Brickwork in elevation . . . j 
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COLOURING DRAWINGS. 
Material. Colours. 

Brick to be erected in plans and | crimson lake, 
sections . . . - • 3 

Crimson lake mixed with Venetian 

red. 

Plaster Light lint of burnt umber. 

Granite Pale Indian ink. 

Stone generally Yellow ochre or pale sepia. 

Concrete work .... Sepia with dark markings. 

Clay or earth Burnt umber. 

Meadows Hooker's green. 

Slate Indigo and lake. 

Light coloured wood, such as pine . Raw sienna. 

Graining Burnt sienna. 

Oak or teak . . . . . Vandyke brown. 

Wrought iron Prussian blue. 

Cast iron Payn's grey. 

Steel Indigo tinged with lake. 

Lead Pale Indian ink tinged with indigo. 

Copper Crimson lake. 

Brass Pale yellow. 

Bronze Darker yellow than brass. 

White metal White tinged with indigo. 

Guttapercha Dark sepia. 

Vulcanised Indiarubber . . Sepia tinged with indigo. 

Leather Light sepia. 

Sizes of Drawing Paper. 

Demy 20 x 15 inches. 

Medium 22 x 17 \, 

Royal 24 X 19 y, 

Super Royal 27 x 19 „ 

Imperial 30 X 21 „ 

Elephant 28 x 22 

Columbier 34 X 23 

Atlas 33 X 26 

Theorem 34 x 28 

Double Elephant 40 x 26 

Antiquarian 5^X3i»f 

Emperor 72 x 48 „ 

Oravity. — To find the velocity in feet per second acquired by a falling 
body. — RuU : Multiply the time in seconds by 32*2. 
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PUNCHING AND SHEARING IRON. 33S 

To find the height of the fall in feet. — Rule : Multiply the square of the 
time in seconds by 16*1. 

To find the time in falling in seconds. — Rule: Divide the velocity in feet 
per second by 32*2. 

To find the velocity in feet per second for a given height. — Rule : Mul- 
tiply the height of the fall in feet by 64*4, and take the square root of the 
product. 

Work aoonmnlated in a Xoving Body. — ^To find the force acquired 
by a weight in falling freely from a given height. — Rule: Multiply the 
weight in lbs. by the square of the velocity in feet per second, and divide 
by 64*4. The result is the accumulated work in foot pounds. Or another 
rule for the same is : Multiply the weight in lbs. by the height in feet of 
free fall. The product is the accumulated work in foot pounds, or the 
force that would raise a similar weight to a similar height. 

The following examples of accumulated work show the application of 
these rules : — 

To find the distance in feet a hall will traverse before coming to a state 
of rest, say, on a bowling green, at a velocity of 50 feet per second ; weight 
of ball, 20 lbs., and the frictional resistance to its motion being -j^^th the 

weight of the ball ; then So' velocity x 20 lbs, weight ^ ^^^^^ 
° 2 lbs. frictional resistance x 64*4 ''•' 

To find the distance in f^et a train will move on a level rail, 
whose frictional resistance is 8 lbs. per ton, and supposing that there 
is no other resistance; the weight of the train being, say, 100 tons, 
and its velocity when the steam is shut off, 50 feet per second ; 

50° velocity x 100 tons weight of train x 2,240 lbs. __ 

icx) tons weight X 8 lbs. per ton frictional resistance x 64*4 "" 
10869*5 feet before coming to rest. 

Pimohing and Shearing Iron, Ate., Plates. — Punching, — ^The re- 
sistance of a wrought-iron plate to punching is about the same as its 
resistance to tearing. Taking the maximum resistance at 25 tons per 
square inch, and the resistance to the punch being the area of the metal sepa- 
rated, or the circumference of the hole multiplied by the thickness of the 
plate, the force in tons required to punch a plate of wrought-iron is = cir- 
cumference of the hole x its depth x 25. And a simple rule to find the 
force required to punch a plate is : — Multiply the diameter of the hole in 
i6ths of an inch by the thickness of plate in i6ths, and divide the product 
by 10; which result multiply by 3*1 for wrought iron plates; by 4' 5 for 
steel plates ; and by 2-5 for copper plates. The final product will be the 
required force in tons. 

The compressive strength of a hardened steel punch is 100 tons per 
square inch, or four times greater than the maximum tensile strength of 
wrought-iron plates. The smallest size of hole that can be punched, is 
that of which the diameter is equal to the thickness of the plate. 

Shearing. — ^The resistance of a wrought-iron plate to shearing is 20 per 
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cent, less than its ultimate tensile strength; and the power required in 
tons to shear wrought-iron plates and bars may be found by the following 
rule : Multiply the square of the thickness of plate in x6ths of an inch by 8, 
and divide by lOO. 

Contmetioii of lEetal In OastiBg. — ^Allowance per foot in length of 
pattern : — 



Small cylinders (cast iron), castings ^ 

Large „ „ „ J 



Toothed wheels „ „ ^ 

General castings ,, ^ 

Bismuth castings -J^ 

Gun metal, brass, and copper castings . each ^ 

Tin and zinc castings each i 

Lead castings ^ 

DapredatioB of Xadiinery. — ^Amount to be deducted annually, com- 
mencing from the prime cost : — 



Lathes and Machine tools, first class 5 

Engines, shafting, gearing, and millwork . . . 7^ 

Lathes and machine tools, second class . .10 

Machinery in general 10 

Boilers 12^ 

Leather belting 40 



DepredatioB of Faotories. — Amount to be deducted annually, com* 
mencing from the original cost, of well built and well cared-for factories 
and workshops : — 



Factories, stone or brick built, without machinery . 2 

„ „ „ with machinery, ordinary. . 3 

„ ,1 M If I, subjected to 

unusual amount of vibration 5 

Factories, wooden buildings, or light iron buildings, without 

machinery 5 

Factories, wooden buildings, or light iron buildings, with 

machinery 7 

Foundries, stone or brick built y\ 

Forges 10 

When renewals are made to the carcase of the building, due to ordinaijr 
wear and tear, their cost should be added to the capital value at the date of 
the said renewal, and the same rate of depreciation should be continued* 
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Table i6o. — Propsrtiss of Saturated Steam. 

(An extract from a table in the "Encyclopaedia Britannica/' by Mr. D. K. 

Clark.) 













Relative Volume 


Total Prenure 




Sensible Tem- 


Total Heat in 


Weight of 

One Cubic Foot 

of Steam. 


of Steam 


per Square Pressui 
Inch Measured Atmo 


re above 
sphere. 


perature in 
Fahrenheit 


X/egrees from 
Zero of 


compared with 
Water from 


from a Vacttum. 




Degrees. 


Fahrenheit. 


which it was 












Raised. 


lbs. 11 


^ 






lbs. 




I 


. • 


I02'I 


1144-5 


•0030 


20582 


2 


• • 


126-3 


II5I-7 


-0058 


IO72I 


3 


• . 


141*6 


1156-6 


•0085 


7322 


4 


• . 


i53'i 


I160-I 


•Oil 2 


5583 


5 


1 • • 


162-3 


I162-9 


•0138 


4527 


6 


1 . . 


170-2 


1 165*3 


•0163 


3813 


7 


1 . • 


176-9 


1x67*3 


-0189 


3298 


8 


1 * • 


182-9 


1169*2 


•0214 


2909 


9 


1 . . 


188-3 


1170*8 


•0239 


2604 


lO 


> « • 


193-3 


1172-3 


-0264 


2358 


II 


1 . . 


197-8 


1 1737 


'O289 


2157 


12 


1 . • 


202-0 


1175*0 


•0314 


1986 


13 


1 . . 


205-9 


1 176-2 


•0358 


1842 


147 





212*0 


1178*1 


•0380 


1642 


15 


•3 


2I3-I 


1178-4 


•0387 


161O 


16 


»3 


216-3 


1179-4 


-04 1 1 


I515 


17 


»S 


219*6 


1 180-3 


•0435 


I43I 


18 


33 


222-4 


1181*2 


•0459 


1357 


19 


4-3 


225-3 


1182-1 


•0483 


1290 


20 


53 


228-0 


1182*9 


•0507 


1229 


21 


6-3 


230*6 


1183-7 


•0531 


1 174 


22 


73 


2331 


1184-5 


•0555 


II23 


23 


8-3 


2355 


II85-2 


•0580 


1075 


24 


9-3 


237*8 


1185-9 


-0601 


1036 


25 I 


o'3 


240*1 


1 186-6 


•0625 


996 


30 I 


5"3 


250-4 


1 189-8 


'0743 


838 


35 2 


0-3 


259'3 


1192-5 


-0858 


726 


40 2 


5'3 


267-3 


1194-9 


•0974 


640 


45 3 


0-3 


274'4 


II97-I 


. -1089 


572 


50 3 


>5-3 


281-0 


II99-I 


-I202 


518 


55 A 


^o•3 


287-1 


1 201-0 


•1314 


474 


60 4 


•5-3 


292*7 


1202-7 


•1425 


437 


65 5 


;o-3 


298-0 


1204-3 


''l^l 


405 


70 5 


!5-3 


302-9 


1205-8 


-1648 


378 


75 < 


10-3 


307-5 


1207*2 


•1759 


353 


80 <i 


•5-3 


312-0 


1208*5 


•1869 


333 


85 5 


ro-3 


316-1 


1209-9 


•1980 


3^i 


90 •} 


'53 


320-2 


I2II'I 


•2089 


298 


95 i 


to-3 


3241 


1212-3 


•2198 


283 


100 c 


>5-3 


3279 


1213*4 


•2307 


270 


105 s 


P"3 


331-3 


I2144 


•2414 


257 


no s 


15*3 


334-6 


1215-5 


•2521 


247 
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Table i6o continued, — Properties of Saturated Steam. 













Rdativv Volume 


Total Pramnra 




Sensible Tem- 


Total Heat in 


Weiditof 

One Cubic Foot 

of Steam. 


of Steam 


per Square 


Pressure above 


perature in 
Fahrenheit 


Denees from 
Zero of 


compared with 


Inch Measured 


Atmosphere. 




from a Vacuum. 




Degrees. 


Fahrenheit. 


which it was 












Raised. 


lbs. 


lbs. 






lbs. 




"5 


100-3 


3380 


1216-5 


-2628 


237 


1 20 


105-3 


3411 


1217-4 


-2759 


227 


125 


110-3 


344"2 


I218-4 


•2867 


219 


130 


"53 


3472 


1219-3 


•2977 


211 


135 


120-3 


350-1 


1220-2 


•3080 


203 


140 


125-3 


35»-9 


I22I-0 


•3184 


197 


M5 


130-3 


3556 


I22I-9 


-3294 


190 


150 


135-3 


3583 


1222-7 . 


-3397 


184 


155 


140-3 


361-0 


1223-5 


•3500 


179 


160 


145*3 


3634 


1224-2 


•3607 


174 


165 


150-3 


306-0 


1224-9 


•3714 


169 


170 


155-3 


368-2 


1225-7 


•3821 


164 


^?5 


160-3 


370-8 


1226*4 


•3928 


159 


180 


165-3 


372'9 


I227-I 


-4035 


155 


185 


170-3 


375-3 


1227-8 


•4142 


151 


190 


175-3 


377-5 


1228-5 


•4250 


148 


195 


180-3 


379*7 


1229-2 


•4357 


144 


200 


185-3 


381-7 


1229-8 


•4464 


141 


210 


195-3 


386-0 


I23I-I 


•4668 


135 


220 


205-3 


3899 


1232-3 


-4872 


129 


230 


215-3 


393-8 


1233-5 


-5072 


123 


240 


225-3 


397-5 


1234-6 


•5270 


119 


250 


235-3 


401*1 


1235-7 


-5471 


114 


260 


245-3 


404-5 


1236-8 


•5670 


IIO 


270 


255-3 


407-9 


1237-8 


•5871 


106 


280 


265-3 


411*2 


1238-8 


•6070 


102 


290 


2753 


414-4 


1239-8 


•6268 


99 


300 


285-3 


417-5 


1240-7 


'6469 

« 
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One atmosphere 14*706 lbs. pressure per square inch = 29-92 inches 
of mercury ; each lb. pressure per square inch is equal to a column of 
mercury 2-035 inches, or i-oi8 rise in a syphon gauge. 

To convert degrees Fahrenheit into Centigrade, — Rule : Subtract 32 and 
divide the remainder by i-8. 

To convert degrees Centigrade into Fahrenheit, — Rule : Multiply by i-S 
and add 32 to the product. 

To convert degrees Fahrenheit into Reaumur, — Rule : Subtract 32 and 
divide the remainder by 2*25. 

To convert degrees Reaumur into Fahrenheit, — Rule: Multiply by 2*25 
and add 32 to the product. 
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EFFECT OF SHOT ON IRON PLATES. 

Power of Shot and Shell. — Captain C. O. Brown, R.A., of Woolwich, 
in a paper read before the Institution of Mechanical Engineers, gave the 
following equation as the one used in the department of the Director of 
Artillery for calculating problems of shot : — 

— = 3 IT R X K X ^'^ 

where W = the weight of the shot. 
V = the striking velocity. 
g = the force of gravity. 
R = the radius of the cross section of the shot. 
b = the depth of plate penetrated. 
K = a certain constant whose value depends on the 
quality of the plate, &c. 



The left hand side of the equation represents the power of the shot at the 
moment of striking. The following particulars of experiments with guns 
are extracted from the same paper. 

''The 38-ton gun, whose calibre is 12*5 in., was fired with a charge 
of 130 lb. and a projectile of 812 lb. weight at a structure known as 
* No. 40 target,' consisting of three layers of 65 in. of iron with 5 in. 
of teak between each, making a total of 19^ in. of iron and 10 in. of 
teak. The projectile had a striking velocity of 1,420 feet per second. 
Using the expression above to obtain the penetration 3, and writing K as 
2'53, which is so taken as to give b in inches, we get b = i9'4i. This 
means that the shot would just penetrate through a solid iron plate 19*41 in. 
thick. It ought, therefore, to pierce the three 6\ in. plates and teak, with 
something to spare. It did actually pass through, excepting that a portion 
of the base was left in the target. 

''The 38-ton gun was afterwards chambered, so as to enable it 
to take a charge of 200 lb. ; and was fired at the same structure (No. 40 
target) strengthened by the addition of a front plate of 6^ in. and 
5 in. additional teak. The striking velocity of the shot was now 
1,525 feet per second, which gives a power to penetrate a solid plate 21 in. 
thick. As, however, the structure contained 26 in. of iron, the problem 
becomes one of partial penetration. It is a very different thing to penetrate 
completely through a plate 21 in. thick, and to enter 21 in. into armour 
26 in. thick ; because in the latter case the extra metal is backing up and 
adding to the strength of what might otherwise be pierced. Hence the 
shot's point only attained to a depth of about 20 in. of iron in all. In these 
two experiments it may be said that the plate-upon-plate system did well. 

I 2 
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" The trial of the 80-t(m gun closely resembles the above ; this gun 
was fired, while in its unchambered condition. Its calibre was i6 in., 
diameter of projectile 15 '92 in., weight of projectile 1,700 lb., firing charge 
370 lb. With this its striking velocity at 120 yards was 1,496 feet per 
second. The target, known as *No. 41,' consisted of four 8 in. plates, giving 
a total of 32 in. of iron, sandwiched with 4 in. layers of teak. The 
penetration b under these conditions will be found to be 28 in. ; that is to 
say, the shot ought just to penetrate completely through a solid plate whose 
total thickness was 28 in. As it was fired against 32 in. of iron, it would not 
penetrate so far ; and 25 in., which was the amount of iron the points did 
actually go through, is not far from what might be expected. 

"The 80-ton gun, after chambering, was fired at the same target 
with a charge of 425 lb., the projectile, &c., being as before. The striking 
velocity was now 1,585 feet per second. The projectile might therefore 
penetrate completely a solid plate 30 in. thick. Its point got to a depth of 
about 27 in., the back of the target bending back nearly 14 in., and 
opening in a star crack, 2\ in. wide, through which the point was visible/' 



THE NEW PATENT LAW ACT, 1883. 

An applioation for a patent must be made in the prescribed form, 
signed by the appplicant, and must be limited to one invention. 

The application may be made by the actual inventor or inventors, either 
alone or in conjunction with others, but the declaration must state which of 
the applicants is the inventor. 

If an inventor dies without applying for a patent, a patent may be 
granted for his invention to his legal representative, if application be made 
within six months of the inventor's death. 

1/ an applicant for a patent dies, the patent may be granted to his legal 
representative, and be sealed any time within twelve months after the death 
of the applicant. 

Zn applying fbr a patent, the inventor must lodge at the patent office a 
combined declaration and petition, and a provisional specification, 
describing the nature of the invention, accompanied by drawings, if 
required, or a complete specification may be lodged in place of the 
provisional specification, particularly describing the nature of the invention, 
and in what manner it is to be performed, and accompanied by drawings, 
if required. 

A speoification, whether provisional or complete, must commence Trith 
the title, and a complete specification must end with a distinct statement of 
the invention claimed. 
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The documents are scrutinized by an official examiner, who decides 
whether the nature of the invention has been properly described, and 
whether the application, specification, and drawings (if any) have been 
prepared in the prescribed manner, and if the title sufficiently indicates the 
object of the invention ; if there be any defects, the comptroller may 
require amendments to be made ; where he does so, the applicant may 
appeal from his decision to the law officer. 

When an application has been accepted, notice thereof is sent to the 
applicant. 

When an application is accepted, the invention is provisionally protected. 

When a complete specification is not filed in the first instance, it must 
be done within nine months, otherwise the application will be deemed to 
be abandoned. 

Unless a complete specification is accepted within twelve months from 
the date of application, then (save in the case of an appeal having been 
lodged against the refusal to accept) the application will, at the expiration 
of the said twelve months, become void. 

When a complete specification is accepted, the fact will be advertised, 
and the documents will be open to public inspection; anyone may enter notice 
of opposition within two months from the date of the advertisement, on the 
ground that the invention belongs to him, or that the invention has already 
been patented in this country, on an application of prior date, or that the 
examiner has reported against it, because it covered a pending application 
of earlier date. On the expiration of the two months, if there be no 
opposition, the patent will be sealed. 

An applicant or patentee may seek leave to amend his specification 
or drawings, and in case his request to amend is not granted, he may appeal 
to the law officer ; but no amendment will be allowed which would make the 
specification claim an invention substantially larger or substantially different 
from that claimed by the specification as it stood before amendment. 

Compulsory Licences. — If on petition to the Board of Trade it is proved 
that by reason of the default of a patentee to grant licences on reasonable 
terms, the patent is not being worked in the United Kingdom ; or the 
reasonable requirements of the public with respect to the invention cannot 
be supplied ; or any person is prevented from working or using to the best 
advantage an invention of which he is possessed ; the Board may order the 
patentee to grant licences on such terms as it may deem just. 

Bevocation of a patent may be obtained on petition to the Court. 
Where a patent has been revoked on the ground of fraud, a patent may be 
granted to the true inventor. 

An invention may be exhibited at an Industrial or International 
Exhibition certified as such by the Board of Trade, without prejudice to 
the right to provisional protection and a patent, provided the exhibitor, 
before exhibiting the invention, gives the Comptroller the prescribed notice 
of his intention to do so; and the application for a patent must be 
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made before, or within six months from, the date of the opening of the 
Exhibition. 

The penalty for representing an article to be patented when it is not 
patented, is for every offence on summary conviction a fine not exceed- 
ing /"S- 

B<^yal AzBUi. — No one is allowed to use the royal arms without 

authority from the Government tmder a penalty on summary conviction of 
a fine not exceeding /"ao. 

Cost of a Patent. — ^A patent will be granted for fourteen years from its 
date, but it will cease unless the prescribed payments are duly made. The 
Government fees are — £i for an application ; £^ for a complete specifica- 
tion ; £^o before the end of the fourth year ; £ioo before the end of the 
eighth year from the date of the patent. These two latter sums may be 
paid by instalments, instead of in a lump sum ; viz., — by annual payments 
of jfio before the end of the fourth, fifth, sixth, and seventh years; £\i 
before the end of the eighth and ninth years ; and ;^20 before the end of 
the tenth, eleventh, twelfth, and thirteenth years. If, through accident or 
mistake, these payments are not made within the prescribed time, the Comp- 
troller can extend the time for not more than three months. 

Before applying fbr a patent, it is advisable to search the records of 
the patent office to ascertain whether a patent has been previously granted 
for the same invention, or anything approaching it ; for this purpose and in 
order to protect the inventor's own interest, as well as to insure the prepa- 
ration of a sound specification clearly embracing all the points of the in- 
vention without infringing the rights of others, it is desirable to employ 
professional aid. Large experience and great care are required in pre- 
paring a specification, otherwise the patent may be invalid, and the patentee 
may become involved in a lawsuit ; hence the necessity of obtaining the 
services and advice of an experienced patent agent, who generally charges 
as follows for obtaining a patent, exclusive of drawings, viz. : — 

Search at the patent office and report thereon as to 
the novelty of the invention . . ' £z i <> 

Provisional protection for one year, preparing speci- 
fication and documents, including stamp (^^i) . 440 

Royal letters patent, preparing complete specification 
including stamp (£1) and professional advice . 880 



Cost of four years' patent £^S ^5 o 

Government fee before the end of the fourth year 

(/"so) and agency costs Of I 1 5^.) - . . 51 15 o 
Government fee before the end of the eighth year 

{£106) and agency costs (jf 2 lor.) . . . 102 10 o 

Total cost of patent for fourteen years . . . ^^170 o o 



LEGAL MEMORANDA. 343 

LEGAL MEMORANDA. 

Billfl of Ezchange. — It is not legal to issue a bill of less value than 
twenty shillings. 

A person under age is not liable on a bill, but it is valid against all other 
competent parties thereto. 

A creditor having taken a bill in payment of a debt, is debarred from 
suing for the debt during the currency of the bill, but if the bill is dis- 
honoured he can then sue for the original debt. 

When a bill is taken in full satisfaction and full discharge of a debt, the 
debt is extinguished, and the creditor's remedy is on the bill alone, except 
where a bill is taken as collateral security. 

A bill may be void if the consideration given is illegal; want of 
sufficient consideration may be insisted on in defence to an action on a 
bill. A forged bill cannot be sued upon even by an innocent holder for 
value. An innocent holder for value can recover on a bill although it was 
given without consideration. The drawer or the acceptor of an accommo- 
dation bill, may recover against the party accommodated. The holder for 
value of an accommodation bill may recover. Payment of a lost bill can 
be enforced, but the plaintiff must give indemnity against other claims 
arising on the bill ; the holder of a bill that has been lost, or fraudulently 
obtained must, if he sue for payment, prove he obtained it upon good 
consideration. When a bill is lost, notice thereof should immediately be 
sent to all parties concerned. 

Date of a bill. — ^When the date of a bill has been omitted, it will be 
intended to bear date on the day when it was made, but if the date be 
omitted for the purpose of the holder supplying the date at his con- 
venience, the bill will be void. If a bill after it has been drawn, accepted, 
or indorsed be altered in any material respect, without the consent of the 
parties bound therein, it will discharge them from all liability. An 
innocent holder for value cannot recover, when the date of a bill has been 
altered after acceptance, whereby the payment would be accelerated. 

Payment of a bill may be refused, unless the holder produce and 
deliver up the bill. 

When a sum of money is paid into a bank for the stated and specific 
purpose of meeting a bill, the banker cannot place that money to the credit 
of the customer's overdraft. 

The bolder of a disbonoured bill may sue the acceptor, drawer and 
all the endorsers at the same time, but although he may obtain judgment in 
all the actions, he can only recover one satisfaction for the value of the 
bill, but he may sue out executions against all the rest for the cost of their 
separate actions. 

Cheques. — ^When a banker pays a forged cheque, he cannot charge his 
customer with the loss, and when he pays a cheque which has been 
improperly altered in the amount he has no claim against the customer who 
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drew it, except for the original sum, unless the careless way the cheque 
was drawn enabled the fraud to be effected. A cheque should be presented 
not later than the day after its receipt, after which time the holder keeps it 
at his own risk against the insolvency of the banker. 

An Z. O. U. is merely an acknowledgment of a debt, it is not negotiable 
and does not require a stamp. 

Goods Sold. — When goods have been sold on credit, and their purchaser 
becomes insolvent before the delivery of the goods, the seller may counter- 
mand the delivery of them, while in transit before they are actually delivered 
to the purchaser, so long as they are in the possession of the carrier : but 
the seller cannot retake the goods for non-payment after they are in the 
purchaser's possession. 

Goods Sold on Sale or Betiini must be returned in a reasonable 
time, otherwise the sale will stand as an absolute sale, and the price of the 
goods may be recovered in an action for goods sold and delivered. 

A Guarantee must be in writing. The guarantee to or for a firm will 
cease upon a change of the members of a firm, imless it be expressly 
stipulated to the contrary. 

Tlie New Bankruptcy Act, 1883. — ^The following is a brief summary 
of the Act : — ^Acts of bankruptcy are, the making by a debtor of a convey- 
ance or assignment for the benefit of his creditors, or of a fraudulent 
conveyance of his property ; or if he absents himself, or departs from his 
dwelling-house, or leaves England for the purpose of defeating or delaiing 
his creditors; or if his goods have been seized and sold under legal 
process ; or if he files in the Court a declaration of his inability to pay his 
debts, or presents a bankruptcy petition against himself ; or if a creditor 
has obtained a final judgment against the debtor and, execution thereon 
having been stayed, has served on him a bankruptcy notice and the debtor 
fails to secure or compound the debt, or satisfy the Court that he has 
a sufficient cross demand; or if the debtor gives notice to any of his 
creditors that he has suspended, or is about to suspend payment of his debts. 
A bankruptcy notice must be in the prescribed form and sened in the pre- 
scribed manner. A debtor may present a petition on alleging that he is 
unable to pay his debts. No petition may be withdrawn without leave of 
the Court. 

Petition by a Creditor. — Conditions of. — ^A creditor may present a 
petition if the debt owing to one or more creditors amounts to ^^50 and is 
a liquidated sum ; or if the act of bankruptcy has occurred within three 
months before presenting the petition ; or if the debtor is domiciled in 
England; or within a year before the date of the presentation of the 
petition, has ordinarily resided or had a dwelling-house, or place of 
business, in England. A secured creditor may give up, or give an estimate 
of the value of his security, when he may be admitted as a petitioning 
creditor to the extent of the unsecured debt. 

Fetitloiis where the Assets ace nnder iB800.-^When a petition is 
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presented by or against a debtor, if the Court is satisfied that the property 
of the debtor is not likely to exceed jC^oo in value, the Court may make an 
order that the debtor's estate be administered in a summary manner. 

Where the Zndebtednera is under iB60. — Where a County Court 
judgment has been obtained against a debtor, who is unable to pay the amount 
forthwith, and alleges that his whole indebtedness, including the debt for 
which the judgment has been obtained does not exceed ^f 50, the County 
Court may make an order providing for the administration of his estate, by 
instalments or otherwise, and subject to any conditions as to his future 
earnings or income, which the Court may think just. 

Any creditor of a deceased debtor whose debt is sufficient, may petition 
the Court for the administration of the estate of the deceased debtor. 

Discharge of a Bankrupt. — ^A bankrupt may apply to the Court for 
an order of discharge, and the Court may refuse the application, if it 
is found that the bankrupt did not keep such books of account, as are usual 
and proper in the business carried on by him, and as sufficiently disclose 
his business transactions and financial position, within the three years 
immediately preceding his bankruptcy ; or that he had continued to trade 
after knowing himself to be insolvent ; or that he had contracted a debt 
without having at the time of contracting it, any reasonable ground of 
expectation of being able to pay it ; or that he had brought on his bankruptcy 
by rash and hazardous speculations, or unjustifiable extravagance in living; 
or that he has put any of his creditors to unnecessary expense, by a frivolous 
or vexatious defence to any action properly brought against him ; or that 
he has within three months preceding the date of the receiving order, when 
unable to pay his debts as they became due, given an undue preference to 
any of his creditors ; or that he has on any previous occasion been adjudi- 
cated bankrupt, or made a statutory composition or arrangement with his 
creditors ; or that he has been guilty of any fraud or fraudulent breach of 
trust. 



WEIGHTS AND MEASURES. 
Liquid Measure. 



Cubic luchd. 



5 oz. avoir, of pure water at 7 .„ , ^ ,, 

62*^ Fah. . . . j = ' S^^^ ^^ quartern = 8665 

4 gills =1 pint . . = 34*659 

2 pints . . . . = I quart . . . = 69*318 

4 quarts . . = i gallon . . = 277-274 

6*2355 gallons . . . s: X cubic foot. 
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Angular Measure. 

60 seconds i minute 

60 minutes i degree 

30 degrees i sign 

90 „ I quadrant 

4 quadrants or 360 degrees . . . i circumference or 

great circle. 

Apothecaries' Weight. 

20 grains i scruple 

3 scruples i drachm 

8 drachms i ounce 

1 drop I grain 

60 drops I drachm 

4 drachms i tablespoonful 

2 ounces water (875 grains) . . i wine-glass 
20 ounces i pint 

Avoirdupois Weight. 
Used in almost all commercial transactions. 

37I grains i drachm = 27^ 

16 drachms i ounce = 437^ 

16 ounces i pound = 7cxx^ 

14 pounds 1 stone 

28 „ I quarter 

4 quarters i cwt. 

20 cwts. I ton 

1 cwt. of coals I small sack 

2 „ ,y I double sack 

20 ,, „ or 10 double sacks . . i ton 

The butchers' and fishmongers' stone is 8 lbs. 

Beer Measure. 

9 gallons I firkin 

18 ,y I kilderkin 

36 y, I barrel 

54 „ I hogshead 

Bread. 

2 pounds \ quartern loaf 

4 I, I 

Bricks. 

500 I load 

Candles. 

120 pounds . • .... I barrel 
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Cheese and Butter. 



8 pounds 
32 cloves . 
42 I, 
56 pounds . 

224 „ 



Cloth. 



2} inches . 

4 nailSi or 9 inches 

3 quarters 

4 






19 



Coals. 



88 pounds • 

3168 pounds 
224 „ . . . 
10 sacks 
I ton of coals . 
I barge or keel of coals 



Coins. 



I clove 

I wey (Essex) 

I „ (Suffolk) 

I firkin 

I barrel 

I nail 
I quarter. 
I Flemish ell 
I yard 

I English ell 
I French ell 

I bushel 
I chaldron 



. . I sack 
. I ton 
about 25 bushels 
. 21 tons, 4 cwt. 



nearly 



I farthing is *8 inch diameter 

I halfpenny is i inch diameter 

I penny is 1*2 inch diameter . 

I threepenny piece . 

I fourpenny piece 

I sixpence 

I shilling .... 

I florin .... 

I halfcrown .... 

5 shillings 

I sovereign .... 

Corn 

5 bushels .... 

40 yy .... 

60 pounds .... 

52 »> • • • 

47 „ . . . . 

00 if .... 

6 bushels of wheat should yield . . 

Cubic Measure. 

1728 cubic inches 

27 cubic feet . . . . . 

40 i, unhewn or 50 of hewn timber 

42 ' 9i * * * * * * 

A load or yard of earth . . . . 
A cubic foot of water weighs 1000 ounces 

1 ton of sea water =218^ gallons 



Weight. 

•^ ounce. 

X 



3 

_X_ 

20 

1 

1 

1. 

2 



1 

4 



» 



» 



» 



99 



» 



» 



»> 



>l 



» 



I load 

I cart 

I bushel of wheat 

I „ rye 

I „ barley 

I I, oats 

I sack of flour 



I cubic foot 
I cubic yard or load 
I ton or load 
I ton shipping 
27 cubic feet 
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Diamond Weight. 



1 6 parts . 
4 grains 



Dry Measure. 

4 quarts 

2 gallons 

4 pecks . 

3 bushels 
12 sacks 

8 bushels 

5 quarters 
I gallon of water 
I pint „ 
I bushel „ 
I „ wheat 
I „ barley 
I „ oats . 
I truss straw 
I „ old hay 
I „ new hay until September i 

36 trusses 



Flour. 



14 pounds 

56 „ 
280 „ 
5 bushels 



120 pounds 



Glass. 



Hay (New) 



60 pounds . 

A cubic yard new hay 

Load of new hay 



56 pounds 

36 trusses . 

Load of old hay 

A cubic yard old hay . 



Hay (Old) 



Hops. 



112 pounds 



250 



f» 



Long Measure. 



12 lines . 
3 barleycorns . 



I grain 


I carat 


I gallon 


I peck 


I bushel 


I sack 


I chaldron 


I quarter 


I load 


10 pounds 


li . 


80 „ 


60 „ 


47 yy 


38-40 pounds 


36 pounds. 


56 „ 


60 „ 


I load 


I peck 


I bushel 


I sack 


I n 


I seam 


I truss 


=6 stone 


= 19 cwt. 32 lbs. 


I truss 


I load 


18 cwts. 


9 stone 


I pocket (Surrey and 


Sussex) 


I bag (Kent) 


I inch 


= 1 inch 
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it 



looo mils . 

3 inches 

4 

8 
9 

12 

i8 

2 J feet 

3 M . 

6 „ 
5| yards 

4 poles 
40 „ . 

8 furlongs or 1760 yards 

3 miles (nautical) 
6082*6 feet or 2027-5 yards 

60 nautical miles 

69^ geographical miles 



Me 



AT 



:i inch 
I palm 
I hand 
I link 
I span 
I foot 
I cubit 

I military pace 
I yard 
I fathom 

I rod, pole, or perch 
I chain 
I furlong 
I mile 
I league 

I nautical mile or knot 
I degree 



if 



8 pounds . - . 

Milk. 
The barn-gallon for milk is equal to 

Oatmeal. 
200 pounds 

Oil (Train). 

9 pounds 6 oz 

Oil (Sweet). 
236 pounds 

Paper. 

20 sheets ..... 

24 »» 

20 quires 



I stone 



. 2 imperial gallons 



21^ quires 
2 reams 
10 



it 



I barrel 



I gallon 



I tun 



I quire, outsides 

I ,, insides 

I ream 

I printer's ream 

I bundle 

I bale 



Parchment. 



60 skins I roll 

Potatoes. 
200 pounds I barrel 



112 pounds 



Raisins. 



Rice. 



I barrel 



168 pounds I barrel 



3SO 
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Salt. 



14 pounds 

56 „ 
42 bushels 



64 pounds or 8 gallons . 
256 „ . . . 



Soap. 



Square Measure. 

144 square inches .... 

9 square feet .... 

30J square yards .... 

16 poles 

40 square poles 

4 roods or 10 square chains . 

640 square acres 

100 square feet .... 
272; square feet or 30^^ square yards . 



Straw. 



36 pounds 
Load of straw 



48 pounds (about) 



Tea. 



Tiles. 



I peck 
I bushel 
I ton 



I firkin 
I barrel 



I square foot 

I square yzrd 

I rod, pole, or perch 

I chain 

I rood 

I acre 

I square mile 

I square 

I rod 



I truss 

II cwt. 64 lbs. 

I chest 



icxx) I load 

Tobacco. 
2 to 3 cwt I barrel 



Troy Weight. 



I grain troy 
24 grains 

20 pennyweights 
12 ounces 



• • 



Water. 



1000 ounces 
10 pounds . 



Wine. 



138 gallons 

140 „ 

no „ 

120 „ 

57 >f 

20 „ 

130 ff 



I grain avoirdupois 
I pennyweight = 

24 grains 
I ounce = 480 grs, 
I pound = 5760 grs. 

I cubic foot 
I gallon 



I pipe of port 
I ,, Lisbon 
I „ Madeira 
I „ Teneriffe 
I hogshead of claret 
I aum of hock 
I hogshead of sherry 
I butt of sherry 
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Wood. 



1000 billets 
lo cwt. . 
io8 feet 
128 feet . 



Wool. 



7 pounds 
2 cloves 
2 stones 
6\ tods 



2 weys 

12 sacks or 4368 pounds 
240 pounds . 



I cord 

I f, 
I stack 
I cord 



I clove 
I stone 
I tod 
I wey 
I sack 
I last 
I pack 



Miscellaneous Measures and Weights. 



The Chinese li . . . . 
French kilometre .... 
The Russian mile .... 
The Italian mile .... 
The Roman mile .... 
The Turkish Berri .... 
The Arabian mile .... 
Irish and Scotch .... 
The Polish mile .... 
The Spanish mile .... 
The German mile .... 
Persian Parasang .... 
Flanders League .... 
The Swedish and Danish mile . 
The Dutch mile .... 
Hungarian mile .... 

Bale of flax, Russian 

Barrel of tar 

Cable's length .... 

Cask of black lead .... 
Chaldron of coke .... 
Cran of herrings . . . • 
Barrel of herrings .... 
Barrel of turpentine .... 
Barrel of gunpowder 
Last of gunpowder .... 
Last of potash, cod-fish, white herrings 

meal, pitch, tar . 

Dicker of hides 

Last of hides 

Faggot of steel 

Mat of flax, Dutch .... 

Pig of ballast 

Ton of displacement of a ship 

Ton registered of internal capacity of a 

ship 



632 yards 
1093 

IIOO 

1467 
1628 
1826 
2148 
2200 
4400 
5028 
5866 
6086 
6864 

7233 
8101 

8800 

5 to 6 cwt. 

26| gallons 

240 yards 

iii cwt. 



12 



I 



*.« to 15 cwt. 
37t gallons 
26i „ 
2 to 2I cwt. 
100 lbs. 
24 barrels 

12 » 
= 10 skins 

= 20 dickers 

120 lbs. 

126 lbs. 

56 lbs. 

35 cubic feet 

= 100 cubic feet 
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Measures relating to Building. 

Rood of masonry =36 square yards face, 2 feet thick. 

Load of sand = 36 bushels. 

Load of unhewn or rough timber = 40 cubic feet. 

Load of hewn or squared timber, reckoned to weigh 20 cwt. = 50 
cubic feet. 

Load of I inch plank = 600 square feet. 

Load of plank more than i inch thick = 600 divided by the thickness in 
inches. Thus — a load of 2 inch planks equals 300 square feet. 

Planks, section 11x3 inches. Deals, section 9x3 inches. Battens, 
section 7 x 2^ inches. A reduced deal is i| inches thick x 11 inches 
wide X 12 feet long. 

Load of lime = 32 bushels. 

A load of mortar is equal to i cubic yard. 

A hod of mortar measures 9x9 inches. 

2 hods of mortar are nearly equal to a bushel. 

The mortar in a rod of brick work (4,500 bricks) is taken at i J cwt of 
chalk lime and 2 loads of sand, or i cwt. of stone lime and 2} loads of 
sand. 

Load of bricks = 500. 

Size of bricks = 9 inches long x 4I inches broad x 2| inches thick. 

32 bricks laid flat, or 48 laid on edge will pave i square yard. 

Number of bricks in a cubic yard = 384. 

A rod of brick work measures i6| feet x i6|feet x i| foot = 306 cubic 
feet or iij cubic yards. 

A rod of brick work = 272 superficial feet, 1^ brick thick. 

To reduce brick work from superficial feet of 9 inches thick, to the stan- 
dard thickness of 13I inches, deduct Jrd. 

To reduce brick work from cubic feet, to superficial feet of the standard 
thickness of 13 J inches, deduct |^th. 

Rod of brickwork =15 tons 

1000 plain tiles =21 cwt. 

1000 pantiles = 47 cwt. 

1000 9-inch paving tiles =58 cwt. 

1000 lo-inch paving tiles = 72 cwt. 

1000 12-inch paving tiles = 107 cwt. 

1000 stock bricks = 45 cwt. 

1000 paviors = 49 cwt. 

Hundred of lime = 35 bushels. 

Hundred of nails or tacks = 1 20 in number. 

Thousand of nails or tacks = 1,200 in number. 

Hundred of lead =112 lbs. 

A fodder of lead = igi cwt. 

Sheet lead = 6 to 10 lbs. per square foot. 
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Table of glass = 5 feet. 
Case of glass = 45 tables. 

Case of Newcastle and Normandy glass = 25 tables. 
Stone of glass = 5 lbs. 
Square of flooring = 100 square feet. 
Hundred of deals = 1 20 in number. 
A cord of wood = 4 feet x 4 feet x 8 feet =128 cubic feet. 
Stack of wood =108 cubic feet. 

A load of mortar, 27 cubic feet, requires 9 bushels of lime and i yzxd of 
sand. 



VOCABULARY OF FRENCH AND ENGLISH ENGINEERING 

TERMS. 

The following List of French words for English Engineering Terms 
will be found useful, as very few Engineering terms are given in French 
Dictionaries. 



FRENCH. 

ACCOUPLi. 

Acier. 

Affinage, 

Affouiller, 

Aiguilles, 

Aiguille mobile. 

Air chaudf/ab. de/onie, 

Airfroid „ 

Airain, 

AJusier, 

Ajusteur. 

Ajutage or Ajutoir, 

Aline, 

A Usage, 

A Use, 

A User, 

AUsures, 

Alignement, 

Aligner, 

Alliage, 

AUuchon, 

Alumelle, 

Atnarre, 

Ame d^un canon. 



A. 



ENGLISH. 

Connected, coupled. 

Steel. 

Refining. 

To undermine. 

Points. 

Tongue rail. 

Hot blast. 

Cold blast. 

Brass. 

To fit. 

Fitter. 

Tube or pipe, nozzle. 

Awl. 

Boring metals. 

Polished, finished. 

To bore metals. 

Iron borings. 

Straight length, row, line. 

To level, to lay out by line. 

Alloy, mixture of metals. 

Tooth of a wheel, catch. 

Blade of a knife. 

Rope, cable. 

Bore of a gun. 



A K 
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FRXNCH. 


SNGT.TSH. 


A me (Tun souflei. 


Valve, of a bellows. 


Ancre. 


Anchor. 


Angle. 


Angle, comer. 


Angle droit. 


Right angle. 


An/i'moine, 


Anthnony. 


Appentis, 


Shed, outhouse. 


Approvisionnement. 


Materials supplied. 


Aqueduc, 


Aqueduct, waterpipe. 


Arborer. 


To hoist. 


Arhre, 


Shaft, spindle. 


Arhre moieur. 


Driving shaft. 


Arbre d noyau. 


Core bar. 


ArC'bouiani, 


Buttress, support, strut 


Arite. 


Edge. 


Argeai, 


Canted. 


Armature. 


Fastening bars, of iron. 


Armature du ttroir. 


Valve fittings. 


Arr image. 


Stowage. 


Articuli. 


Jointed. 


Articulation. 


Moveable joint. 


Assemblage. 


Framing. 


Assembler d mortaise. 


Morticed. 


Assembler. 


To frame. 


Assembler d. queue d'aronde. 


To dovetail. 


Assist. 


A lift, a stage. 


Atelier. 


Workshop. 


Attachi, calli. 


Fastened. 


Atteinte. 


Flaw, injury. 


Attelage. 


Coupling, railway coupling. 


Aube. 


Float. 


Auge. 


Trough. 


Automatique. 


Self-acting. 


Automobile. 


Traction engine. 


Avance du tiroir. 


Lead of slide valve. 


Avant' train. 


Leading wheels. 


Aviver. 


To brighten, to polish. 


Axe. 


Axis, centre, centre line. 


Axe d'axe en. 


From centre to centre. 


Axe goujon. 


Spindle. 


Axe coudi, ou it manivelle. 


Crank axle. | 


BACHE. 


B. 

Cart, or tilt wagon. 


Bague. 


Ring. 
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FRENCH. 

Balance d ressorL 

Balancier, 

Balancier d vis. 

Balustrade, 

Balustrer, 

Balle, 

Banc de tour. 

Bandages des roues, 

Bandes plattes, 

Bandin ou vour relet, 

Bandoir, 

Baquet, 

Barbels, 

Barbure, 

Barrage, 

Barre plate. 

Barreaux, 

Barres, 

Barres du foyer. 

Bascule, 

Bascule d percer, 

Basse pression. 

Bee d*ane, 

Beton, 

Biais, 

Bielle, 

Bielle cTaccouplement, 

Biez, 

Boite, 

Boite d itoupe, 

Boite dfeu, 

Boite d graisse. 

Boite d huile, 

Boite d noyau, 

Boite d sable, 

Boite d tiroir, 

Boite d vapeur, 

BombSe, 

Bouchon, 

Bouchon en plomb, 

Bouchon d vis. 

Boucle, 

Boudin, 

Boule ou boulet. 



ENGUSH. 

Spring balance. 

Beam. 

Screw lever, wrench. 

Fence. 

To rail in. 

Ball. 

Bed (of a lathe). 

Wheel tyres. 

Plate rails. 

Flange. 

Pulley, wheel, spring. 

Bucket, tub, trough. 

Spiked. 

Rough parts of moulded metal. 

Dam, weir. 

Flat bars. 

Fire bars. 

Bars. 

Fire bars. 

Weighing machine. 

Cramp for drilling. 

Low pressure. 

Crosscut chisel. 

Concrete. 

Slope. 

Connecting rod. 

Coupling bar. 

Millpool. 

Box, case, chest. 

Stuffing box. 

Fire box. 

Axle box. 

Oil cup. 

Core box. 

Sand box. 

Slide valve case. 

Steam chest. 

Rounded. 

Plug. 

Lead plug. 

Screw plug. 

Buckle. 

Flange of tyres. 

Ball. 

A A a 
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FRENCH. 

Boulette, 

Boulin. 

Boulon. 

Boulon d clavette, 

Boulon d Scrou, 

Boulon d'iclissage, 

Boulonne, 

Boulonnie, 

Boulonner, 

Bout. 

Bouterolle, 

Braser. 

Bride. 

Bronze, 

Bronzer le/er. 

Brouetie, 

Broyeur, 

Burin^ ciseau, 

Buriner, 

Buveau or Beauveau, 

Buze. 



ENGLISH. 

A little ball. 

Putlog. 

Bolt. 

Cotter bolt. 

Bolt and nut. 

Fish bolt. 

A large auger. 

Bolted. 

To bolt. 

The end, point. 

Snap. 

To braze or solder. 

Flange, lug, strap. 

Brass, bronze. 

To brown iron. 

Wheel barrow. 

Pug mill. 

Chisel. 

To chip iron. 

Bevel. 

Nozzle. 



C. 



CABESTAN. 

Cahle^ chaine. 

Cadre, 

Caisse, 

Caisse d eau, 

Caie, 

Caler. 

Caler les roues, 

Cal/ater, 

Calquer, 

Camhri, 

Cannelie, 

Cendrier, 

Cercle, 

Cercle primitif, 

Cercler, 

Ceruse. 

Chaine. 

Chatnon. 

Chaleur, 



Cabstan, crab. 

Chain cable. 

Frame. 

Box. 

Water tank. 

Wedge or packing. 

To wedge or pack up. 

To chock railway wheels. 

To calk. 

To trace drawings. 

Arched, warped. 

Grooved, fluted, channelled. 

Ash pan. 

Ring. 

Pitch circle of a toothed wheel. 

To hoop. 

White lead. 

Chain. 

Link of a chain. 

Heat. 
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FRENCH. 

Chamhre de vapeur, 

Champon, 

Changemeni de vote, 

Chantier, 

Chantignole, 

Chape, 

Chapelet, 

Charhon, 

Charger, 

Charnih'es, 

Charpente, 

Charpentier, 

Charron, 

Chasse-pierre. 

Chassis, 

Chassis exUrieur, 

Chassis intSrieur, 

Chaudihe, 

Chaudilre tuhulaire, 

Chauffe, 

Chemin defer, 

Cheval vapeur, 

Cheville, 

Cheville en hois, 

Chivre, 

Chiasse, 

Cintre, 

Circonfirence, 

Circulaire, 

Ciri, 

Ciseau burin, 

Citeme. 

Clapet, 

Clapety tiroirSf soupapes. 

Clavette et contre-clavette, 

Clavetter une roue. 

Clefs de calage, 

Cliquet d percer. 

Cloures, 

Coin, 

Coinsage, 

Colli, 

Collet. 

Colonne, 



ENGUSH. 

Steam chest. 

Spike. 

Changing rail points. 

Works. 

Bracket. 

Strap of connecting rod. 

Chain pump. 

Coal. 

To load. 

Hinges. 

Woodwork. 

Carpenter. 

Wheelwright. 

Rail guard. 

Frame. 

Outside frame. 

Inside frame. 

Boiler. 

Tubular boiler. 

Furnace. 

Railway. 

Horse power. 

Iron pin or spike. 

Treenails. 

Shear legs with crab. 

Dross, scum. 

Arch. 

Circumference. 

Circular. 

Oil cloth. 

Chisel. 

Cistern. 

Clack of a pump. 

Valves. 

Gib and cotter. 

To key a wheel on a shaft. 

Wedging keys. 

Ratchet brace. 

Jointing. 

Wedge. 

Wedging. 

Glued, 

Collar of a shaft. 

Column, pillar. 
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FRENCH. 

Colonne cantulie. 

Combustible, 

Compteur it gaz, 

Concentrtque. 

Contre clavette, 

Conire-fiche. 

Conduit d'ichappement, 

Conique. 

Constructeur, 

Contrefort. 

Copeaux. 

Cornilre, 

Corps de pompe. 

Cote. 

Couche, 

Couchis. 

Coudi, 

Coulage, 

Couler. 

Coulisse, 

Coup d^arrihre. 

Coup d*avant. 

Coup de piston, 

Coupant. 

Coupe, 

Couperose. 

Couple, 

Courbe, 

Couronnement, 

Courroie. 

Course, 

Coussinet, 

Couvercle de cylindre. 

Crampon, 

Cran, 

Crapaudine, 

Crlche, 

Crimaillhre, 

CrhteUr une roue, 

Crineleure, 

Crible. 

Crihler, 

Cric d vis. 



EN6USH. 

Fluted column. 

Fuel. 

Gas meter. 

Concentric. 

Gib. 

Brace, strut, stay. 

Blast pipe. 

Conical. 

Builder. 

Shoulder. 

Chippings. 

Angle iron. 

Pump barrel. 

Figured dimension. 

Coat (of paint). 

Lagging. 

Cranked. 

Casting. 

To cast, to melt. 

Sliding socket. 

Back stroke. 

Fore stroke. 

Stroke of the piston. 

Cutting, dividing. 

Section. 

Copperas. 

Couple, a pair. 

Railway curve, bent. 

Coping. 

Leather strap. 

Length of stroke. 

Bush, bearing of shafts. 

Cylinder cover. 

Cramp. 

Notch. 

Foot-step of a shaft 

Crib, manger. 

Rack. 

To notch a wheel. 

Notching, indenting. 

Sieve, riddle. 

To sift. 

Screw lifting jack. 
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FRENCH. 



Croc, 

Crochet, 

Crochet d'attelage, 

Croisie de/eniire, 

Crotsement, 

Cuir. 

Cut'vre. 

Cuivri, 

Cul. 

Culasse, 

Culie. 

Cuve, 

Cuvelage, 

Cylindre, 

Cylindre, rouleau, 

Cyltndrique, 



DAME. 

DihalUr. 

Dihander, 

Diharher, 

Diharquer, 

Diboucher, 

Dihoucler, 

Dicalage, 

Dicalquer, 

De champs, 

Dichargi, 

JDSchat. 

Dicintrer, 

DSfaut, 

Degrener, 

Dent d'un roue, 

Dipdt de machine, 

Depouille de ModHe, 

Dessein, 

Desstn, 

Ditente ou dilatation, 

Diamltre extSrieur, 

Diamltre intirieur, 

Ddme, 

Double fonds. 



ENGLISH. 

Hook. 

Hook, link. 

Draw link. 

Window frame. 

Crossing. 

Leather. 

Copper. 

Copper coloured. 

Breech. 

The breech of a gun. 

Abutment. 

Tub, vat. 

Tubbing, lining mines. 

Cylinder. 

Roller. 

Cylindrical. 



D. 



Rammer. 

To unpack. 

To untie, to slacken. 

To fettle castings. 

To disembark. 

To unstop. 

To unbuckle. 

Taking out wedges, unkeying. 

To copy a drawing on tracing paper. 

Edgeways. 

Unloaded. 

Wear and tear. 

To strike the centre. 

Flaw, defect. 

To throw out of gear. 

Tooth or cog of a wheel. 

Engine-house or shed. 

Draw or taper of patterns. 

Design. 

Drawing, plan. 

Expansion. 

Outside diameter. 

Inside diameter. 

Dome. 

Double casing. 
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Dimhlurt, 
Drague. 
Dur cot 



dufcr. 



KMGUSH. 



lining. 
Dredger. 
As hard 



as iron. 



E. 



iCHALAT. 
Achappenuni. 
AchelU. 
£chenaL 

£clisse, 

£cluse. 

Acrou. 

Ecrou d six pans, 

Rcunu d€ mitaL 

Effort. 

igohitu. 

£gouL 

Elingue. 

Email, 

Emballage, 

Embdiage, 

Emhellir, 

EmboUer. 

EmboUement, 

EmboUement et cordon, 

Embranchinunt, 

Embrasure, 

Emission, 

Em manchement. 

Empater, 

En plein cintre. 

Enarbrer, 

Encastrer une poutre. 

Enclave, 

Enclouer, 

Enclume, 

Encocher, 

Enduire, 

Endurcir, 

En/oncer, 

Engrenage, 

Engrenage conique. 



Stay. 

Escaping, eduction. 

Scale, ladder. 

Wooden gutter. 

Splint, fishplate. 

Sluice, dam. 

Nut of a screw. 

Hexagon nut 

Dross. 

Strain. 

Hand saw. 

Sewer, drain, gutter. 

Sling. 

Enamel. 

Packing. 

Hooping, tyreing. 

To decorate, to embellish. 

To joint, to put in a box, to clamp. 

Socket, shrouding. 

Socket and spigot. 

Framing, branch line. 

Port-hole. 

Eduction. 

To put a handle in a hammer. 

To foot, to scarf. 

Circular. 

To key a wheel on a shaft 

To fit one end of a beam in a wall. 

Recess. 

To nail up. 

Anvil. 

To notch. 

To coat, to plaster. 

To harden. 

To hollow, to sink. 

Wheel gearing. 

Bevel and mitre wheels. 
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FRENCH. 

Engrener. 

Enlacure. 

Enligner, 

Eniailler, 

Entreiotse. 

Episser. 

JStuisement, 

Equerre, 

Estamper, 

Essteu, 

Essieu coude, 

Essteu d^arrilre, 

Essieu d*avani, 

Essieu moteur, 

Atain, 

J&tamer defer, 

JEianche conienant Teau, 

Mtanche de vapeur, 

J&tai, 

J&tan^on, 

J&tau. 

jEtirer lefer sous le marteau, 

J&toupe, 

Etreignoir, 

Atrier, 

Etuve, 

^venter. 

Excentrique, 



ENGLISH. 

To put into gear. 
Bolting a tenon into its mortice. 
To straighten or level. 
To notch, to dovetaik 
Stay. 
Splice. 
Pumping. 
Square. 
To swage. 
Axle. 

Crank axle. 
Trailing axle. 
Leading axle. 
Driving axle. 
Pewter, tin. 
To tin iron. 
Water-tight. 
Steam-tight. 
Brace. 

Prop, stay, stanchion. 
Vice. 

To draWout, to lengthen by ham- 
mering. 
Flax, hemp, tow. 
Cramp, hand screw. 
Strap. 

Drying stove. 
To ventilate. 
Eccentric. 



F. 



FABRICANT, 

Eardier, 

Eenderie. 

Fer. 

Fer aciireux. 

Fer affini, 

Fer d^angle. 

Fer en barres. 

Fer en barres dentelS, 

Fer en barres mSplat, 

Fer baiiu meplatfes. 



Manufacturer. 

Truck. 

Cutting iron into strips. 

Iron, wrought iron. 

Steely iron. 

Refined iron. 

Angle iron. 

Bar iron. 

Notched bar iron. 

Flat iron, flat bar iron. 

Hammered iron. 
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FRENCH. 

Fer it hiseau, 

Fer blanc. 

Fer en charhon de tots, 

Fer en hottes, 

Fer d, boulon, 

Fer d calf at, 

Fer en barres carries, 

Fer en barres rond, 

Fer en barres de profile circulaire, 

Fer d chevaL 

Fer d clou. 

Fer d clou pour fer de cheval, 

Fer d cornilre, 

Fer de roulage. 

Fer d cdtis, 

Fer coulL 

Fer creux, 

Iier cru, 

her detni rond, 

Fer denteli. 

Fer doux, 

Fer ibauchL 

Fer de forge icailleux, 

Fer icroui, 

Fer tiri en tubes, 

Fer fer racier eux, 

Fer enfeuilles, 

Fer fin, 

Fer defonte, 

Ferforgi, 

Fer for gi par le martinet, 

Ferfort, 

Ferfondu en coquilles, 

Fer galvanisi, 

Fer d glace, 

Fer en grain gros, 

Fer homoghie, 

Fer en lames cylindrL 

Fer en lames StamS, 

Fer en lames forgi. 

Fer lamini cylindri, 

Fer en loupes, 

Fer marchand. 



ENGLISH. 

Wedge shape iron. 

White iron. 

Charcoal iron. 

Iron in bandies. 

Bolt iron. 

Calking iron. 

Square bar iron. 

Round bar iron. 

Round bar iron. 

Horse shoe. 

Nail rod iron. 

Horse nail iron. 

Angle iron. 

Iron-wire. 

Channel iron. 

Cast iron work. 

Hollow iron. 

Pig iron. 

Half round iron. 

Notched iron. 

Soft iron. 

Puddled bar iron. 

Scaly wrought iron. 

Cold hammered iron. 

Iron drawn into tubes. 

Hard iron. 

Sheet iron. 

Fine iron. 

Cast iron. 

Forged iron. 

Hammered wrought iron. 

Best wrought iron. 

Chilled cast iron. 

Galvanized iron. 

Frost shoe. 

Coarse grained iron. 

Homogeneous iron. 

Rolled plate or sheet iron. 

Tinned plate iron. 

Forged plate iron. 

Drawn out or rolled iron. 

■ 

Iron blooms. 
Merchant iron. 
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FRENCH. 

Fer tnarieli, 

Fer martini, 

Ferfondu, 

Fer noir, en lames notr, 

Fer en perche, 

Fer en plaques, 

Fer plat. 

Fer platinS. 

Fer d, plater, 

Fer d rabot, 

Fer d repasser, 

Fer d rivet, 

Fer rond, 

Fer d ruban, 

Fer soudi. 

Fer superfin, 

Fer tirS, 

Fer d tringles, 

Fer en Idle, 

Fer en tdle.forti, 

Fer en tdle gaufrie^ ondulie, 

Fer itiri en tubes, 

Fer en verges, 

Fer zinqui, 

Ferraille, 

Fers d'ouvrage, 

Feuille defer, 

Fil deader. 

Fit de caret. 

Fil defer, 

Fil d plomb, 

Fililre, 

Filiere d coussinet. 

Fondant, 

Fonderie defer, 

Fondre d decouvert, 

Fondu, 

Fonte, 

Fonte blanche, 

Fonte de deuxilme fusion. 

Fonte defer, 

Fonte defer malliahle, 

Fonte de premiere fusion. 



EN6USH. 

Hammered wrought iron. 

Tilted iron. 

Melted iron. 

Black plate or sheet iron. 

Iron rod. 

Iron in slabs. 

Flat bar iron. 

Flat iron for rolling. 

Flattening iron. 

Plane iron. 

Ironing iron. 

Rivet iron. 

Round iron. 

Hoop iron. 

Welded iron. 

Superfine iron. 

Drawn-out iron. 

Rod iron. 

Plate iron. 

Boiler plate iron. 

Corrugated plate iron. 

Tubular iron, drawn. 

Iron rods. 

Galvanized iron. 

Scrap iron. 

Ironwork. 

Sheet of iron. 

Steel wire. 

Rope yam. 

Iron wire. 

Plumb line. 

Screw plate, stocks. 

Stocks and dies. 

Flux. 

Iron foundry. 

To cast in open sand 

Melted. 

Casting, melting. 

White iron. 

Casting run from the cupola. 

Cast iron. 

Malleable cast iron. 

Casting run from the blast furnace. 
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FRENCH. 

Fante grise. 

Fante mouUe, 

Fonte iruitie. 

Forer ou/orei. 

Forge. 

Forge portative. 

Forger. 

Forgeron, 

Fosse. 

Fosse d piquer lefeu. 

Foulant. 

Four. 

Four d. pudder. 

Four it reverbkre. 

Fourgon. 

Fourneau. 

Fraise. 

Frein. 

Frein de chemtn defer. 

Frette. 

Fumage. 

Fuseau. 

Fusie. 

Fut dune colontu. 

Fut d percer. 



SN6LISH. 

Grey iron. 

Iron castings. 

Mottled iron. 

To bore, to drill. 

Forge, smithy. 

Portable forge. 

To forge, to hammer. 

Smith. 

Pit. 

Ash pit. 

Pressing down. 

Furnace. 

Puddling furnace. 

Air furnace. 

Luggage wagon. 

Furnace, cupola. 

Countersunk. 

Brake. 

Railway brake. 

Tyre, ring, hoop. 

Lacquering. 

Spindle, spool. 

Toe of a vertical shaft. 

Shaft of a column. 

Brace for drilling. 



G. 



GABARE. 

Gaharit. 

Gache. 

Gaine. 

Galandages. 

Galauhans. 

Galerie. 

Galet. 

Galonner. 

Garage des trains. 

Garde cendre. 

Garde corps. 

Garde crotte. 

Gare de marchandises. 



Lighter. 

Gauge, template. 

Staple. 

Sheath, stand, case. 

Brick partitions. 

Backstays. 

Footplate, gangway. 

Roller. 

To lace. 

Shunting trains. 

Fender. 

Hand railing. 

Splasher. 

Goods station. 
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FRENCH. 


ENGLISH. 


Gamiiure de hoite d itoupe. 


Packing. 


Gau/rSe, onduUe, 


Corragated. 


Gaz. 


Gas. 


Giner. 


To cramp. 


Giron, 


Tread of a step. 


Giissot'rs, tiroirs. 


Slides. 


Godei. 


Grease cup. 


Goujon. 


Iron pin, gudgeon, stud. 


Goujon centraL 


Centre pin. 


Gousset. 


Gusset. 


Gratte brosse. 


Wire scratch brush. 


Gratioir, 


Scraper. 


GreleL 


Mason's hammer. 


Grelin, 


A small cable. 


Grenouilllre, 


Rose for watering. 


Grillage, 


Grating. 


Grille du foyer. 


Fire grate. 


Grue. 


A crane, a hoist. 


Grue hydraulique. 


Hydraulic crane. 


Grue roulante. 


Travelling crane. 


Gueuse, 


Pig Iron. 


Guindage, 


Hoisting loads. 


GuindaL 


Windlass. 




H. 


HA CHE. 


Axe, hatchet. 


Haler, 


To draw with a rope. 


Hangar, 


A shed. 


Haquet, 


A dray. 


Harnais. 


Harness, armour. 


Hauban, 


Guy. 


Haut/oumeau. 


Blast furnace. 


Hilice. 


Spiral. 


Hematite, 


Hematite. 


Hie. 


Rammer, beetle. 


Hisser. 


To hoist. 


HouilUre. 


Colliery. 


HuiU. 


Oil. 


INDICATEUR. 


I. 

Indicator. 


Inginieur. 


Engineer. 


Tnjecteur. 


Injector. 
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FRENCH. 



J A UGE. 

Joint. 

Joint a boule. 
Jointoyer, 
Joue. 
Jouillihres, 



J. 



EN6USH. 

Gauge. 

Joint. 

Universal joint. 

To cement, to point. 

Cheek. 

The cheeks of a sluice. 



KAOUN. 

Kas, 
Kilogramme, 



K. 



China clay. 

Bottom of paper-mill trough. 

One thousand grammes. 



L. 



LAMBOVRDE. 

Lame. 

Laminage, 

Laminer, 

Laminoir. 

Lanciere, 

Lanfoir, 

Largeur. 

Largeur de la voie. 

Larmier, 

Uarsenic, 

Eeau entramie, 

Lev4e, 

Levier, 

Levier de reversement. 

Liaison (pikes de), 

Ligne, 

Ligne ponctui, 

Ligne principale, 

Limaille, 

Limaille defer. 

Lime, 

Limer, 

Limure, 

Lin, 

Liteau, 



Joist. 

Thin plate or web of metal. 

Flattening of metals. 

To roll metals. 

Rolling mill. 

Sluice. 

Mill dam. 

Width, breadth. 

Rail gauge. 

Coping of a wall. 

Arsenic. 

Priming in boilers. 

Embankment 

Lever. 

Reversing lever. 

Strengthening pieces. 

Line. 

Dotted line. 

Main line. 

Filings. 

Iron filings. 

File. 

To file. 

Filings. 

Lint, flax. 

Chipping piece. 
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TRENCH. 

Livraison, 

Locomotive. 

Longeur, 

Longeur de la course. 

Longrtne. 

Loquet d ressori. 

Lumihe ^admission. 

LuMtire dichappement. 



EN6USH. 

Delivery of goods. 
Locomotive. 
Length. 

Length of stroke. 
Longitudinal sleeper. 
Spring latch. 
Steam port. 
Exhaust port 



M. 



MACHINE. 

Machine d ctntrer la idle. 

Machine d chariot. 

Machine d/agonner. 

Machine d percer. 

Machine d raboter. 

Machine d poinfonner. 

Machine d vapeur. 

Machine d drauger. 

Machine fixe. 

Machine outils. 

Machine soufflante. 

Mafonnerie. 

Mafonnerie en hrique. 

Maille. 

Mail Ion. 

Main courante. 

Main dceuvre. 

Manche. 

Manchon. 

Mandrain. 

Manivelle. 

Manomltre d mercure. 

Manutention. 

Marhre. 

Marteau de grosse forge. 

Marteau pilon. 

MarteU. 

Massif. 

Matiriel. 

Matlriel roulant. 

Mauvais ouvrage. 



Engine, machine. 

Plate bending machine. 

Sliding table machine. 

Shaping machine. 

Drilling machine. 

Planing machine. 

Punching machine. 

Steam engine. 

Dredging machine. 

Stationary engine. 

Machine tools. 

Blowing engine. 

Masonry. 

Brickwork. 

Mesh of net or link of chain. 

Link of a chain. 

Hand rail. 

Workmanship. 

Handle. 

Socket. 

Mandrel. 

Crank. 

Mercurial pressure gauge. 

Loading and unloading. 

Surface-plate. 

Forge hammer. 

Steam hammer. 

Hammered. 

Massive, foundation. 

Material. 

Rolling stock. 

Bad work. 
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FRENCH. 

Micanique. 

Meche de coton, 

Mhcht d syphon. 

Mesure du niveau de Veau. 

Mesure en ruhan, 

MitaiL 

Meuliere, 

Mi. 

Mille. 

Miniral defer. 

Minium. 

Modele. 

Moitii hois. 

Montani. 

Monle-charge, 

Mortaise. 

Moteur^ motrice. 

Moufle. 

Moulage. 

Moule. 

Mouler. 

Moulerie. 

Moyeu. 

Mur. 



ENGLISH. 

Mechanical. 

Cotton wick. 

Wick for oil syphons. 

Water gauge. 

Tape measure. 

Metallic composition. 

Millstone. 

Half. 

A thousand. 

Iron ore. 

Red lead. 

Pattern to cast from. 

Halved. 

Upright post 

Lift, hoist 

Mortice. 

Mover, driving. 

Pulley block for lifting. 

Moulding, casting. 

Mould, model. 

To mould, to cast 

Iron f oundiy. 

Nave. 

Wall. 



N. 



NERVURE. 

Niveau* 
Nivelette. 
Noyau. 
Noye. 



Moulding, or rib on a casting. 

Level. 

A level. 

Core. 

Let in flush, countersunk. 



O. 



OLLURE. 

Oreille. 

Ornilre. 

Outil. 

Outil {machine). 

Outil auiomatique. 

Ouvrage, 



Leather apron. 

Lug. 

Rut of a wheel, tram. 

Tool. 

Machine tool. 

Self-acting tool. 

Work. 
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FRENCH. 



ENGLISH. 



Ouvrage en/er, 

OuvragS. 

Ouvri, 

Ouvrier. 

Ovale. 



PALTER. 

Pas. 

Passerelle, 

Pautre. 

Pelle. 

Per cage. 

Percer. 

Percer ^/oret. 

Pesage. 

Petard. 

Pitrole. 

Pic. 

Pic feu. 

Pied carri. 

Pierre. 

Pi Ion. 

Pince en/er. 

Pinces. 

Pioche. 

Piston, 

Pivot d crapaudine. 

Plaque. 

Plaque tournante. 

Plateau d griffes. 

Plateau de tour. 

Plateau Universel. 

Plomb. 

Plongeur. 

Poche. 

Pompe. 

Pompe d air. 

Pompe d double effet. 

Pompe d eau chaude. 

Pompe alimentaire. 

Pompe aspirante, 

Pompe foulante^ 



Ironwork. 

Wrought. 

Diapered. 

Workman. 

Oval. 



P. 



Plummer-block. 

Pitch of screws. 

Foot bridge. 

Beam, girder. 

Shovel. 

Piercing, drilling. 

To bore, to drill. 

To drill. 

Weighing. 

Fog signal. 

Petroleum. 

Pick, pickaxe. 

Poker. 

Square foot. 

Stone. 

Rammer. 

Crow-bar. 

Tongs. 

Pickaxe, mattock. 

Piston. 

Toe bearing. 

Plate. 

Turn-table. 

Dog-chuck. 

Face plate of a lathe. 

Universal Chuck. 

Lead. 

Plunger. 

Ladle, pocket. 

Pump. 

Air pump. 

Double-acting pump. 

Hot-water pump. 

Feed pump. 

Suction pump. 

Force pump. 



P ? 
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FRENCH. 


ENGLISH. 


Pompe d incendie. 


Fire engine. 


Pont. 


Bridge. 


Pont aquiduc. 


Aquedact 


Pont en pierre. 


Stone bridge. 


Pont en/onte. 


Cast-iron bridge. 


Pont en t6le. 


Iron plate bridge. 


Pont de poutre en tdle. 


Girder bridge. 


Pont oblique. 


Skew bridge. 


Pont en treillis. 


Lattice bridge. 


Pont tournant. 


Swing bridge. 


Pant tuhulaire. 


Tubular bridge. 


Porte de la boite d/umie. 


Smoke-box door. 


Poseur. 


Plate layer. 


Poster. 


To fix, to lay, to set 


Potie ditain. 


Pewter. 


Potelot. 


Black lead. 


Pouce. 


Inch. 


Poudre d souder. 


Welding powder. 


Poulie. 


Pulley. 


Poussilre defer. 


Irondust 


Poutre. 


Beam, girder. 


Poutre en/onte. 


Cast-iron girder. 


Poutre en tdle. 


Iron plate girder. 


Poutre en treillis. 


Lattice girder. 


PoutrelU. 


Small beam, small girder. 


Presse d cingler. 


Squeezer. 


Presse Stoupe, 


Gland of a piston rod. 


Presse hydraulique. 


Hydraulic press. 


Presson. 


Crow bar. 


Puits. 


Well, shaft of a mine. 




Q- . 


QUADRANT. 


Quadrant 


Quarieron. 


Quarter. 


Queue d'hironde. 


Dovetail. 


Quincaille. 


Hardware. 




R. 


RABOT. 


Plane. 


Rahoter. 


To plane. 


Rates (d*un roue). 


Spokes. 


Raies creux. 


Hollow spokes. 


Rail. 


Rail 
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FRENCH. 

Rail en acier. 

Rail d double champignon. 

Rail d simple champignon. 

Rail d ventre de poisson. 

Rainure, 

Rampe. 

Rauder, 

Rayon. 

Rebord. 

Rehord des bandages des roues, 

Rebours, 

Recouvremeni, 

Recouvrement extirieur du tiroir. 

Rigistre, 

Rigulaieur, 

Renflement central, 

Ressorts, 

Ressort de tampon, 

Riblons, 

River. 

Rivet. ' 

Robinet, 

Robinet petit, 

Robifut dejauge, 

Robinet pour mesurer ie niveau, 

Robinet de vidange, 

Rondelle, 

Roue, 

Roue d aubes. 

Roue d aubes. 

Roue d auget. 

Roue d'arriire, 

* 

Roue d'avant. 
Roue motrice. 
Roue d axe vertical. 
Roue de cdte. 
Roue d'engrenage. 
Roue hydraulique. 
Roues accoupUes, 
Roues de moulins motrice. 
Rougir lefer, 
Rougissure. 
Rouilli. 



ENGLISH. 

Steel rail. 

Double-headed rail. 

Single-headed rail. 

Fish-bellied rail. 

Groove. 

Slope, gradient. 

To grind (cocks). 

Radius. 

Flange. 

Flange of tyres. 

Cross-grained. 

Overlap. 

Lap of valve. 

Damper. 

Regulator. 

Centre boss. 

Springs. 

Buffer spring. 

Scrap iron. 

To clench or rivet. 

Rivet. 

Cock. 

Pet cock. 

Gauge cock. 

Grange cock. 

Waste cock. 

Washer. 

Wheel. 

Paddle wheel of a steamer. 

Undershot water wheel. 

Overshot water wheel. 

Trailing wheel. 

Leading wheel. 

Driving wheel. 

Turbine. 

Breast wheel. 

Cog wheel. 

Water wheel. 

Coupled wheels. 

Mill driving-wheel. 

To heat iron. 

Copper colour. 

Rus^. 

P*9 
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Routllure. 
Roulage, 
Rouleau, 
Rouvertn, 



FRXNCH. 



SNGLTSH. 



Rust. 
Rolling. 
Roll, roller. 
Brittle. 



S. 



SABLE. 

Salpitre, 

Sas. 

Scie, 

Scte ctrculaire. 

Sciirie, 

Scorte de lafonte, 

Seau. 

Serre joint. 

Siege de la soupapi, 

Sifflet, 

Similor, 

Siphon, 

Socle, 

Solive, 

Soliveau, 

Sonneile, 

Sonnette d dSclic, 

Sonneite d vapeur, 

Souder, 

Soudoir, 

Sou/re, 

Souffiage, 

Soufflant, 

Soupape, 

Soupape d iiroir, 

Soupape d houle, 

Soupape de sureU. 

Stoc, 

Suif, 

Surface de chauffe. 

Surface de grille, 

Surplomb, 



TABLE, 

Table infirieur^. 



Sand, ballast 

Saltpetre. 

Sieve. 

Saw. 

Circular saw. 

Saw bench. 

Slag, iron dross. 

Bucket, pail. 

Cramp. 

Valve seat 

Whistle. 

Pinchbeck. 

Syphon. 

Stand, footing, socket 

Joist, rafter. 

Dttle joist 

Pile-driving machine. 

Pile-driving machine. 

Steam pile-driving machine. 

To solder, to weld. 

Soldering iron. 

Sulphur. 

Blast 

Blowing. 

Valve. 

Slide valve. 

Ball valve. 

Safety valve. 

The lower part of an anvil. 

Tallow. 

Heating surface. 

Grate surface. 

Slope. 



T. 



Table, flange. 
Bottom flange. 
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FRENCH. 

Table premiere. 

Tampon, 

Taranche. 

Taraud, 

Tarauder, 

Tarilre, 

Tas, 

Tas houterolli, 

Tasseau. 

Tenailles, 

Terre grasse. 

Tiie. 

Tite croisie, 

Tite fraisie, 

Tite d SIX pans. 

Tige. 

Tige de choc, 

Tige du piston, 

Tige de sonde, 

Tige des tiroirs. 

Tirant, 

Tirant ou harre d*eccentrique, 

Tiroir, 

Toit enfer, 

Tdle, 

Tombereau, 

Tonnelier, 

Tour d, chariot, 

Tourillon, 

Tourner, 

Train de marchandises. 

Train de plaisir. 

Traverse, 

Traverse frontale, 

Treillis, 

TrempSe, 

Tripan, 

Triteau, 

Treuil, 

Tronchet, 

Trottoir, 

Trou dhomme. 

Tube, 



ENGLISH. 

Top flange. ^ 

Buffer. 

Iron bar to turn the screw of a press. 

Tap, screw tap. 

To tap. 

Auger, wimble. 

Small anvil, dolly. 

Cup-headed riveting tool. 

Block of iron. 

Gas tongs, nippers. 

Loam, clay. 

Head. 

Cross head. 

Countersunk head. 

Hexagon head. 

Rod. 

Buffer rod. 

Piston rod. 

Boring rod. 

Slide bars. 

Tie rod. 

Eccentric rod. 

Slide valve. 

Iron roofing. 

Iron plate. 

Cart for one horse. 

Cooper. 

Slide lathe. 

Gudgeon of a beam. 

To turn. 

Goods train. 

Excursion train. 

Sleeper. 

Buffer beam. 

Lattice work. 

Tempered. 

A strong auger. 

Trestle. 

Windlass, crab. 

Block. 

Platform. 

Manhole. 

Tube. 
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FRENCH. 


KNGUSH. 


Tude d manchan. 


Socket-pipe. 


Tube de verre. 


Glass tube. 


Tunnel. 


Tmmel. 


Turbine. 


Torbine. 


Tuyau, 


Pipe, 


Tuyau d* alimentation. 


Feed pipe. 


Tuyau d*aspiration. 


Suction pipe. 


Tuyau d'ichappement. 


Exhaust pipe. 


Tuyau d bride. 


Flange pipe. 


Tuyau d emboiiemeni d manchon. 


Socket and spigot pipe. 


Tuyau en/onie. 


Cast iron pipe. 


Tuyau d vapeur. 


Steam pipe. 


Tuylre. 


Tuyere. 


USINE. 


U. 


Usine d/er. 


Ironwork. 


Usne. 


A veiy strong cable. 


Usun. 


Wear and tear. 


Utimt. 


Mallet used bj coopers. 


VEINS. 


V. 

Veined, streaked. 


VSlociti. 


Velocity. 


Veltage. 


Gauging. 


Ventilateur. 


Ventilator, fan. 


Venue d lafonte. 


Rope sling. i 


Verbouquet. 


Gaston. 


Verge defer. 


Iron rod. 


Verin. 


Screw jack. 


Vermeil. 


Silver-gilt 


Vermeil^ U. 


Red coral. 


Vemis. 


Varnish. 


Verre. 


Glass. 


Verrine. 


A strong screw. 


Verrou. 


Bolt 


VerrouilU. 


Bolted. 


Vert-de-gris. 


Verdigris. 


Vertevellis. 


Staples of a bolt. 


Vidange. 


Act of emptying. 


Vieuxfer. 


Old iron. 


VieilU/errailU. 


Old scrap iron. 
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FRENCH. 


BNOUSH. 


Vi/-argeni. 


Quicksilver. 


Vt'ndas. 


A windlass. 


Vireveau, 


A windlass. 


Virole, 


Ferrule. 


Vis. 


Screw. 


Vis d dots. 


Wood screw. 


Visser. 


To screw. 


Voie. 


Line, permanent way 


Voie simple. 


Single line. 


Voie double. 


Double line. 


Voiture. 


Carriage. 


Volant. 


Fly wheel. 


Volige. 


A thin plank of deal. 


Vouie. 


Arch. 


VrilU. 


Gimlet, borer. 




W. 


WAGON. 


Wagon. 


Wagon it hagage. 


Luggage van. 


Wagon d ballast. 


Ballast wagon. 


Wagon icurie. 


Horse box. 


Wagon d marchandtses. 


Goods wagon. 


Wagon d houtlle. 


Coal wagon. 


Wagon de terrassenunt. 


Earth wagon. 


Wagon pour les transport 


des Passenger carriage. 


voyageurs. 




Waggomt di tournU. 


Trolly. 



Table i6i. — ^Fractional Parts of a Millimbtrs and thbir Equiva- 
lents IN DscncAL Parts of an English Inch ; used for Minute 
Measurements. 



Miffimtoe. 


Inches. 


Millimtoe. 


Inches. 


tV 


•003937 


A 


•023622 


A 


•007874 


^ 


•027559 


A 


•OI181I 


A 


•031496 


A 


•015748 


A 


•035433 


6 

TTT 


•019685 


I 


•039370 
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Table 162.— 


Millimetres and 


THEIR Equivalents in Inches. 


Milli- 
metres. 


Inches. 


Milli- 
mitres. 


Inches. 


Milli- 
metres. 


1 

Inches. 


Milli- 
metres. 


Indies. 


I 


•0394 


47 


1*8504 


93 


3-6614 


139 


5*472 


2 


•0787 


48 


1*8898 


94 


3*7008 


140 


5-511 


3 


•I181 


49 


1*9291 


95 


3*7402 


141 


5*55» . 


4 


•1575 


50 


1*9685 


96 


3*7796 


142 


5*590 


5 


•1968 


51 


2*0079 


97 


3*8189 


143 


5-630 


6 


•2362 


52 


2*0473 


98 


3*8583 


144 


5*670 


7 


•2756 


53 


2*0866 


99 


3*8977 


145 


5-708 


8 


•3149 


54 


2*1260 


100 


3*9370 


146 


5*748 


9 


•3543 


55 


21654 


lOI 


3*976 


147 


5*787 


10 


'3937 


56 


2*2047 


102 


4-015 


148 


5826 i 


II 


•4331 


57 


2*2441 


103 


4-055 


149 


5*866 


12 


•4724 


58 


2*2835 


104 


4-094 


150 


S905 


13 


•5118 


|9 


2*3228 


105 


4-133 


151 


5*944 , 


14 


•5511 


60 


2*3622 


106 


4*173 , 


152 


5984 


15 


•5906 


61 


2*4016 


107 


4*212 


153 


6023 


16 


'6299 


62 


2*4410 


108 


4-252 


1 »54 


6*063 


17 


•6693 


63 


2-4803 


109 


4291 


155 


6l02 


18 


•7087 


64 


2*5197 


no 


4-330 


156 


6141 


19 


•7480 


65 


2*5591 


III 


4370 


, ^57 


6181 . 


20 


•7874 


66 


2-5984 


112 


4-409 
4-448 


> 158 


6*220 


21 


•8267 


67 


2*6378 


113 


159 


6259 


22 


•8661 


68 


2*6772 


"4 


4-488 


160 


6-299 ' 


23 


•9055 


69 


2*7166 


"5 


4-527 


161 


6*338 


24 


•9448 


70 


2-7559 


116 


4-567 


162 


6-378 


25 


•9842 


71 


2-7953 


117 


4*606 


163 


6-417 


26 


1*0236 


73 


2-8347 


118 


4*645 


164 


6-456 


27 


1*0630 


73 


2*8740 


119 


4-685 


165 


6-496 


28 


1*1023 


74 


2-9134 


120 


4-724 


166 


6*535 


29 


1*1417 


75 


2*9528 


121 


4763 


167 


6*574 1 


30 


ri8ii 


76 


2*9922 


122 


4-803 


168 


6*614 * 


31 


1*2205 


77 


30315 


123 


4-842 


169 


6-654 


32 


1*2598 


78 


3-0709 


124 


4-88i 


170 


6-693 


33 


1*2992 


79 


3-1103 


125 


4-921 


! 171 


6-732 I 


34 


1-3386 


80 


3*1496 


126 


4*960 


172 


6-771 


35 


1*3780 


81 


3*1890 


127 


5*ooo 


173 


6-8 1 1 


36 


1-4173 


82 


32284 


128 

• 


5039 


174 


6-850 


37 


1*4567 


f3 


3-2677 


129 


5*078 


175 


6-890 


38 


1*4961 


84 


3*307 1 


130 


5-118 


176 


6-930 


39 


15354 


85 


33465 


»3i 


5*157 


177 


6-96S 


40 


1*5748 


86 


33859 


132 


5196 


178 


7-008 


41 


1*6142 


87 


34252 


133 


5*236 


179 


7*047 


42 


1-6536 


88 


3*4646 


134 


5*275 


180 


7-086 


43 


1*6929 


89 


3*5040 


135 


5*315 


181 


7-126 


44 


17323 


90 


35433 


136 


5*354 


182 


7165 . 


^ 


1*7717 


91 


3*5827 


137 


5*393 


'l^ 


7-204 1 


46 


1*8110 


93 


3*6221 


138 


5*433 


184 


7*244 
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Table 162 con. — Millimstrss and their EQinvALSNTS in Inches. 



Milli- 
mitres. 



185 
186 
187 
188 
189 
190 
191 
192 

194 

196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 



Inches. 



7283 
7322 
7-362 

7-402 

7'44l 
7-480 
7-520 
7-560 

7-598 
7637 
7-677 

7-716 

7757 
7795 
7834 
7-874 
7-913 

7-952 
7-992 

8-031 

8-071 

8-1 10 

8-150 

8-190 

8-228 

8-267 

8-307 

8-346 

8-385 
8-425 

8-464 

8-504 

8-543 

8-582 

8622 
8661 
8-700 
8-740 
8-780 
8-819 
8-858 
8-897 

8-937 
8976 
9015 

9055 



Milli- 
mitres. 



231 
232 

233 
234 

235 
236 

237 
238 

239 

240 

241 
242 

243 
244 

245 
246 

247 
248 

249 
250 

251 

252 

253 

254 

255 
256 

257 
258 

259 

260 

261 

262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 

273 
274 

275 
276 



Inch* 



9-094 
9-134 

9'i73 

9*212 
9*252 
9-291 

9'33o 
9*370 
9409 

9-448 
9*488 
9-527 
9-567 
9*606 

9-645 
9-685 

9-724 

9763 
9-803 

9-842 

9-882 

9-921 

9*960 

[0*000 

[0-04 

: 0*078 

[o*ii8 

[0-I57 

[0*197 

0-236 

:o-275 

0-315 
0-354 
[0-393 

0-433 

[O-472 

[0-512 
[O-551 
[O-590 
[0-630 
[0*669 
[O-708 
[O-748 
[O-787 
[O-826 
[0-866 



Milli- 
metres. 



277 
278 

279 
280 

281 

282 

283 

284 
285 
286 
287 
288 
289 
290 
291 
292 

293 
294 

295 
296 

297 
298 

299 

300 

301 

302 

303 

304 

305 
306 

307 
308 

309 
310 

311 
312 

313 
314 

315 
316 

317 
318 

319 
320 

321 

322 



Inches. 



0-905 

0-945 
0-984 

-023 

063 

-102 

-141 

-181 

-220 

-260 

-299 

•338 
-378 

-417 
•456 
-496 

•535 

-575 
-614 

•653 
•693 
•732 

-771 

-811 
•850 
-889 
•929 
-968 
2-008 
2-047 
2-086 
2-126 
2-165 
2-205 
2-244 
2-283 

2-323 
2-362 

2-401 

2-441 

2-480 

2-519 

2-560 

2-598 

2638 

2-677 



MOli- 
mitres. 



323 
324 

325 

326 

327 
328 

329 

330 

331 
332 

333 
334 
335 
336 
337 
338 

339 

340 

341 
342 

343 
344 

345 
346 

347 
348 

349 

350 

351 
352 

353 

354 

355 
356 

357 
358 

359 
360 

361 
362 

363 

364 

365 
366 

367 
368 



Inches. 



2-716 

2*756 

2-795 

2834 

2874 
2-913 

2-952 

2-992 

3031 
3-071 

3-IIO 

3149 
3-189 

3-228 

3-267 

3*307 
3346 
3386 
3425 
3464 
3504 

3543 
3582 

3-622 
3-661 
3-701 
3-740 
3-780 
3-820 
3-858 

3*897 

3*937 
3976 
4*016 

4-055 

4-094 

4-134 

4-173 
4-212 

4252 

4-291 

4*330 
4370 
4-409 

4*449 
4-488 
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Table 162. — Millimetres and their Equivalents in Inches. 



Milli- 
metres. 


Inches. 


MtlH- 
m&tres. 


Inches. 


Milli- 
metres. 


1 

Inches. , 


Milli- 
metres. 


ladio. 


I 


'O394 


47 


1*8504 


93 


3*6614 


139 


5*472 ' 


2 


•0787 


48 


1*8898 


94 


3*7008 


140 


5*511 


3 


•I181 


49 


1*9291 


95 


37402 


' 141 


5*551 . 


4 


•1575 


50 


1*9685 


96 


37796 


142 


5-590 


5 


•1968 


51 


2*0079 


^l 


3-8189 


U3 


5630 


6 


•2362 


52 


2*0473 


98 


3-8583 


144 


5-670 


7 


•2756 


53 


2*0866 


99 


3-8977 


1 *^5 


5-708 


8 


'3M9 


54 


2*1260 


100 


3-9370 


1 146 


5*748 


9 


•3543 


55 


2*1654 


lOI 


3-976 


147 


5*787 


10 


•3937 


56 


2*2047 


102 


4*015 


148 


5-826 


II 


•4331 


57 


2*2441 


103 


4-055 


1 149 


5*866 


12 


•4724 


58 


2*2835 


104 


4-094 


150 


5*905 


13 


•5118 


§9 


2*3228 


105 


4133 


151 


5*944 


14 


•5511 


60 


2*3622 


106 


4-173 


152 


5-984 


15 


•5906 


61 


2*4016 


107 


4*212 


153 


6023 


16 


'6299 


62 


2*4410 


108 


4-252 


. 154 


6*063 


17 


•6693 


63 


2*4803 


109 


4*291 


155 


6* 102 


18 


•7087 


64 


2*5197 


no 


4330 


156 


6*141 


19 


•7480 


65 


2*5591 


III 


4-370 


; »57 


6181 


20 


7874 


66 


2*5984 


112 


4*409 
4-448 


158 


6*220 


21 


•8267 


67 


2*6378 


"3 


, '59 


6*259 


22 


•8661 


68 


2*6772 


114 


4-488 


160 


6-299 


23 


•9055 


69 


2*7166 


"5 


4-527 


161 


6-338 


H 


•9448 


70 


2-7559 


116 


4-567 


162 


6378 


25 


•9842 


71 


2-7953 


117 


4*6o6 


163 


6*417 


26 


i'0236 


7a 


2-8347 


118 


4645 


164 


6*456 


27 


1*0630 


73 


2*8740 


119 


4-685 


165 


6496 


28 


1*1023 


74 


2-9134 


120 


4-724 


166 


6*535 


29 


1*1417 


75 


2*9528 


121 


4763 


167 


6*574 


30 


ri8ii 


76 


2*9922 


122 


4-803 


r68 


6*614 


31 


1*2205 


77 


30315 


123 


4-842 


169 


6654 


32 


1*2598 


78 


30709 


124 


4'88i 


170 


6*693 


33 


1*2992 


^9 


3-1103 


125 


4-921 


171 


6*732 


34 


1-3386 


80 


3*1496 


126 


4*960 


172 


6*771 


35 


1*3780 


81 


3*1890 


127 


5*ooo 


173 


6 811 


36 


i'4i73 


82 


3-2284 


128 

• 


5-039 


»74 


6850 


37 


1*4567 


^3 


3*2677 


129 


5-078 


175 


6-890 


38 


1*4961 


84 


3'307i 


130 


5118 


176 


6*930 


39 


1*5354 


!f 


33465 


131 


5-157 


177 


696S 


40 


1-5748 


86 


3-3859 


132 


5*196 


178 


7*008 


41 


1*6142 


87 


34252 


133 


5*236 


179 


7-047 


42 


1*6536 


88 


3*4646 


134 


5-275 


180 


7*o86 


43 


1*6929 


89 


3*5040 


135 


5-315 


181 


7*126 


44 


17323 


90 


3*5433 


136 


5-354 


182 


7*165 


45 


1*7717 


91 


3-5827 


137 


5-393 


'l^ 


7204 


46 


1*8110 


93 


3*6221 


138 


5-433 


184 


7*244 
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Table 162 con. — Millimstrss and their Equivalents in Inches. 



MUli- 
miires. 


Inches. 


Milli- 
metres. 


Inches. 


Milli- 
metres. 


Inches. 


Milli- 
metres. 


Inches. 


185 


7-283 


231 


9-094 


277 


10-905 


323 


12-716 


186 


7-322 


232 


9*134 


278 


10-945 


324 


12-756 


187 


7-362 


233 


9*173 


279 


10-984 


325 


12-795 


188 


7-402 


234 


9*212 


280 


11-023 


326 


12-834 


189 


7*441 


235 


9-252 


281 


1 1 -063 


327 


12-874 


190 


7-480 


236 


9-291 


282 


II-I02 


328 


12-913 


191 


7-520 


^H 


9330 


283 


II-I4I 


329 


12-952 


192 


7-560 


238 


9*370 


284 


II-181 


330 


12-992 


193 


7-598 


239 


9-409 


285 


11-220 


331 


1303I 


194 


7*637 


240 


9*448 


286 


11-260 


332 


13*071 


195 


7-677 


241 


9-488 


287 


11-299 


333 


I3IIO 


196 


7-716 


242 


9-527 


288 


"•338 


334 


13*149 


197 


7*757 


243 


9-567 


289 


11-378 


335 


13-180 
13-228 


198 


7*795 


244 


9-606 


290 


11*417 


336 


199 


7*834 


245 


9-645 


291 


11*456 


337 


13*267 


200 


7*874 


246 


9-685 


292 


11-496 


338 


13*307 


201 


7*913 


247 


9-724 


293 


"•535 


339 


13*346 


202 


7*952 


248 


9763 


294 


11*575 


340 


13*386 


203 


7-992 


249 


9-803 


295 


11-614 


341 


13*425 


204 


8031 


250 


9842 


296 


11-653 


342 


13*464 


205 


8-071 


251 


9-882 


297 


11-693 


343 


13*504 


206 


8-1 10 


252 


9921 


298 


11-732 


344 


13*543 


207 


8-150 


253 


9*960 


299 


11-771 


345 


13-582 


208 


5*^90 


254 


lO'OOO 


300 


11-811 


346 


13-622 


209 


8-228 


255 


I0'04 


301 


11-850 


347 


13-661 


210 


8-267 


256 


10-078 


302 


11*889 


348 


13*701 


211 


8-307 


257 


io-ii8 


303 


11-929 


349 


13*740 


212 


I'^i^ 


258 


10-157 


304 


11-968 


350 


13-780 


213 


8-385 


259 


10-197 


305 


12-008 


351 


13-820 


214 


8-425 


260 


10-236 


306 


12-047 


352 


13-858 


215 


8-464 


261 


10-275 


307 


1 2 -086 


353 


13*897 


216 


8-504 


262 


10-315 


308 


12-126 


354 


13*937 


217 


8*543 


263 


10354 


309 


12-165 


355 


13-976 


218 


8-582 


264 


10-393 


310 


12-205 


356 


14-016 


219 


8-622 


265 


10-433 


3" 


12-244 


357 


14-055 


220 


8-66i 


266 


10-472 


312 


12-283 


358 


14-094 


221 


8-700 


267 


10-512 


313 


12-323 


359 


14*134 


222 


8-740 


268 


10-551 


314 


12-362 


360 


14*173 


223 


8-780 


269 


10*590 


315 


12-401 


361 


14-212 


224 


8-819 


270 


10-630 


316 


12-441 


362 


14-252 


225 


8-858 


271 


10-669 


317 


12-480 


363 


14-291 


226 


8-897 


272 


10-708 


318 


12-519 


364 


14*330 


227 


8-937 


273 


10-748 


319 


12-560 


365 


14*370 


228 


8*976 


274 


10-787 


320 


12-598 


366 


14409 


229 


9-015 


275 


10-826 


321 


12-638 


367 


14*449 
14*488 


230 


9*055 


276 


10-866 


322 


12-677 


368 
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Table 162 con,- 


— MiLLDCBTRES AND THEIR 


Equivalskts in Inched 


MDU- 


Inches. 


M*iUi- 
metres. 


Inches. 


Milli- 
mteres. 


Indies. 


Mffli. 
mciTes. 

! 


ladies. 


369 


14-527 


415 


16-338 


461 


18*149 


507 


19*961 


370 


14-567 


416 


16-378 


462 


18-189 


508 


20*000 


371 


i4'6o6 


417 


16*417 


463 


18-228 


509 


20*039 


37a 


14-645 


418 


16-456 


464 


18-268 


510 


20*o8o 


373 


14-685 


419 


16*496 


465 


18-307 


5" 


20*1X8 


374 


14*724 


. 420 


16-536 


466 


18*346 


512 


20*157 


375 


14-764 


421 


16-576 


467 


18*386 


513 


20*197 ; 


376 


14-803 


422 


16-614 


468 


18*425 


514 


20*236 ' 


377 


14-842 


423 


16*653 


469 


18*464 


515 


20*275 


378 


14*882 


424 


16693 


470 


18*504 


516 


20*315 


379 


14-921 


425 


16-732 


471 


18-543 


517 


20*354 


380 


14-961 


426 


16-771 


472 


18*583 


518 


20*394 


381 


15000 


427 


i6*8ii 


473 


18*622 


519 


20*433 1 


382 


15-040 


428 


16-850 


474 


18-661 


520 


20*473 


383 


15-080 


429 


16*890 


475 


18-701 


521 


20*513 ' 


3^ 


15-118 


430 


16-920 


476 


18-740 


522 


20*551 


385 


I5'i57 


431 


16-968 


477 


18-780 


523 


20*590 


386 


15*197 


432 


17-008 


478 


18*820 


524 


20*630 


387 


15*236 


433 


17-047 


479 


18-858 


525 


20*669 


388 


15*275 


434 


17-086 


480 


18*898 


526 


20*709 


389 


15-315 


435 


17-126 


481 


18-938 


527 


20*748 


390 


15*354 


436 


17-165 


482 


18-976 


528 


20*787 


391 


15*393 


437 


17-205 


^l^ 


19*016 


529 


20*827 


392 


15*433 


438 


17-244 


484 


19*055 


530 


20*866 


393 


15*472 


439 


17*283 


485 


19094 


531 


20*905 


394 


15*512 


440 


17*323 


486 


19*134 


532 


20*945 


395 


15*551 


441 


17*362 


487 


19*173 


533 


20*984 


396 


15*590 


442 


17*402 


488 


19-212 


534 


21*024 


397 


15*630 


443 


17*441 


489 


19-252 


535 


21*063 


398 


15*670 


444 


17*480 


490 


19-291 


536 


21*102 


399 


15*708 


445 


17-520 


491 


19*331 


537 


21*142 


400 


15*748 


446 


17*560 


492 


19-370 


538 


21*181 


401 


15-787 


447 


17-598 


493 


19*409 


539 


21*220 


402 


15*827 


448 


17-638 


494 


19*449 


540 


21-260 


403 


15-866 


449 


17-677 


495 


19-488 


541 


21*299 


404 


15*905 


450 


17-717 


496 


19*527 


542 


21*338 


405 


15*945 


451 


17*757 


497 


19-567 


543 


21-378 


406 


15*984 


452 


17*795 


498 


19-606 


544 


21-417 


407 


16*023 


453 


17*834 


499 


19-646 


545 


21*457 


408 


16*063 


454 


17-874 


500 


19-685 


546 


21*496 


409 


16*102 


455 


17*913 


501 


19-724 


547 


21-535 


410 


16*142 


456 


17*953 


502 


19-764 


548 


21*575 


411 


i6-i8i 


*57 


17992 


503 


19*803 


549 


21*614 


412 


16*220 


458 


18*031 


504 


19*842 


550 


21*654 


413 


16*260 


459 


18*071 


505 


19-882 


551 


21*693 


414 


16-299 


460 


i8*iio 


506 


19-921 


552 


21-732 
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Table 162 con.- 


—Millimetres and their 


Equivalents in Inches. 


Milli- 
mitres. 


Inches. 


Milli- 
mitres. 


Inches. 


Milli. 
mitres. 


Inches. 


MUU- 
mitres. 


Inches. 


553 


21772 


599 


23*583 


645 


25*394 


691 


27*206 


554 


2I'8lI 


600 


23-622 


646 


25*433 


692 


27*244 


555 


21-850 


601 


23-661 


647 


25*472 


693 


27*283 


556 


21*890 


602 


23*701 


648 


25*512 


694 


27323 


557 


2 1 930 


603 


23740 


649 


25*551 


695 


27*362 


558 


21-968 


604 


23-780 


650 


25*591 


696 


27*402 


559 


2 2 -008 


605 


23-819 


651 


25630 


697 


27*441 


560 


2 2 '047 


606 


23-858 


652 


25*669 


698 


27-480 


561 


22*087 


607 


23-898 


653 


25-709 


699 


27-520 


562 


22*126 


608 


23*937 


654 


25*748 


700 


27*559 


563 


22-165 


609 


23-976 


655 


25*787 


701 


27*598 


564 


22*205 


610 


24*016 


656 


25*827 


702 


27*638 


5^1 


22*244 


611 


24-055 


657 


25*866 


703 


27*677 


566 


22*283 


612 


24*094 


658 


25*906 


704 


27*717 


5^? 


22*323 


613 


24*134 


659 


25*945 


705 


27*756 


568 


22*362 


614 


24*173 


660 


25*984 


706 


27*795 


569 


22*401 


^'5 


24*213 


661 


26*024 


707 


27*835 


570 


22*441 


616 


24*252 


662 


26*063 


708 


27*874 


571 


22*480 


617 


24-291 


663 


26*102 


709 


27*9»3 


572 


22*520 


618 


24*331 


664 


26*142 


710 


27*953 


573 


22*550 


619 


24*370 


665 


26*181 


711 


27992 


574 


22*598 


620 


24*410 


666 


26*220 


712 


28*032 


575 


22*638 


621 


24*450 


667 


26*260 


713 


28*071 


576 


22-677 


622 


24*488 


668 


26*299 


714 


28*110 


577 


22*716 


623 


24*528 


66^ 


26-339 


715 


28*150 


578 


22*756 


624 


24*567 


670 


26*378 


716 


28-189 


579 


22*795 


625 


24*606 


671 


26*417 


717 


28*228 


580 


22*835 


626 


24*646 


672 


26*457 


718 


28-268 


5^' 


22*874 


627 


24-685 


673 


26*496 


719 


28*307 


582 


22-913 


628 


24724 


674 


26535 


720 


28*347 


583 


22*953 


629 


24764 


675 


26*575 


721 


28-386 


584 


22-992 


630 


24*803 


676 


26614 


722 


28-425 


585 


23031 


631 


24-842 


677 


26-654 


723 


28465 


586 


23*071 


632 


24-882 


678 


26-693 


724 


28-504 


587 


23*110 


633 


24*921 


679 


26-732 


725 


28543 


588 


23-150 


634 


24-961 


680 


26-772 


726 


28-583 


589 


23*190 


635 


25-000 


681 


26*811 


727 


28*622 


590 


23*228 


636 


25*039 


682 


26*850 


728 


28-661 


591 


23*268 


637 


25*070 
25*118 


683 


26*890 


729 


28-701 


592 


23-307 


638 


684 


26-930 


730 


28*740 


593 


23346 


639 


25*157 


685 


26*970 


731 


28*780 


594 


23*386 


640 


25*197 


686 


27*008 


732 


28-819 


595 


23*425 


641 


25*236 


687 


27*047 


733 


28*858 


596 


23*465 


642 


25*276 


688 


27*087 


734 


28-898 


597 


23*504 


643 


25-315 


689 


27*126 


735 


28*937 


598 


23*543 


644 


25*354 


690 


27*166 


736 


28*976 
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Table 162 con, — ^Millimstrss and their Equivalsnts in Inches. 



mitres. 



737 
738 

739 
740 

741 
742 

743 
744 

745 
746 

747 
748 

749 
750 

751 
752 

753 
754 

755 
756 

757 
758 

759 
760 

761 

762 

763 
764 

765 

766 

767 

768 

769 

770 

771 

772 

773 
774 

775 
776 

777 
77S 

779 
780 

781 

782 



Indies. 



29*016 
29-055 
29*095 

29134 

«9'i73 
29*213 

29*252 

29*291 

29*331 

29*370 

29*410 

29*450 

29*488 

29*528 

29*567 

29*606 

29*646 

29*685 

29*724 

29*764 

29*803 

29*843 
29*882 
29*922 
29*962 
30*000 
30*040 
30*080 
30*118 
30*158 
30*197 
30*236 
30*276 

30*315 
30'354 
30*394 

30*433 
30*472 
30-512 

30-551 

30-591 
30*630 

30*670 

30*700 

30-748 

30-787 



Milli. 
metres. 



783 
784 

785 
786 

787 
788 

789 

790 
791 

792 

793 
794 

795 
796 

797 
798 

799 
800 

801 

802 

803 

804 

805 

806 

807 

808 

809 

810 

811 

812 

814 

815 
816 

817 

818 

819 

820 

821 

822 

823 

824 

825 

826 

827 

8a8 



locbes. 



30*827 
30-866 
30*906 

30945 
30*984 

31*024 

31*063 

31-103 

31143 
31-181 

31*221 

31*260 

31-299 

31339 
31*378 

31*417 

31*457 

31*496 

31*536 

31*575 
31*614 

31*654 

31*693 
31*732 
31*772 
31*811 

31*850 
31-890 

31-930 
31*970 
32*008 
32*047 
32*087 
32*126 
32*165 
32*205 

32-244 

32*284 

32-323 
32*362 

32*402 

32-441 
32*480 

32*520 

32*560 

32*600 



MUli. 
mitres. 



Inches. 



829 


32*638 


830 


32-677 


831 


32*717 


832 


32*756 


833 


32-795 


834 


32-835 


835 


32-874 


836 


32-913 


237 


32-953 


838 


32992 


839 


33032 


840 


33071 


841 


33*"o 


842 


33*150 


843 


33*190 


844 


33*228 


845 


33*268 


846 


33*307 


847 


33*347 


848 


33*386 


849 


33*425 


850 


33-465 


851 


33-504 


852 


33-543 


853 


33*583 


854 


33-622 


855 


33-662 


856 


33-701 


857 


33*740 


858 


33-780 


859 


33*819 


860 


33*859 


861 


33899 


862 


33*937 


863 


33*977 


864 


34-016 


865 


34-055 


866 


34095 


867 


34-134 


868 


34-173 


869 


34-213 


870 


34-252 


871 


34-291 


872 


34-331 


873 


■ 34-370 


874 


34-410 



Milli- 
mitres. 



875 
876 

877 

878 

879 
880 

881 

882 

883 

884 
885 

886 
887 
888 
889 
890 
891 
892 

893 

894 
895 

896 
897 
898 
899 
900 
901 
902 

903 
904 

905 

906 

907 

908 

909 

910 

911 

912 

9»3 
914 

915 
916 

917 

918 

919 

920 



Incbo. 



34-450 
34-488 
34-528 

34*5^7 
34*606 

34*646 
34-685 

34-725 j 
34-764 , 
34-803 I 

34-843 I 
34-8S2 ' 

34*9" 

34-961 
35*000 

35-040 
35*o8o 
35-118 

35-158 

35-197 

35-23^ . 
35*276 

35*315 

35'354 

35-394 

35*433 

35*473 

3S"5i2 

35-551 

35*591 

35-630 

35-670 

35-709 

35-748 

35-788 

35-827 
35*866 

35-906 

35-945 
35-984 
36-024 
36*063 
36103 
36-142 
36-181 
36*221 



J 



J 
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Table i6a con, — ^Millimstrss and their Equivalsnts in Inchxs. 



MUli. 
mtores. 


Inches. 


Milli. 
mitres. 


Inches. 


MiUi- 
nitres. 


Inches. 


MiUi. 
nketres. 


India. 


921 


36-260 


941 


37'047 


961 


37836 


981 


38-622 


922 


36300 


942 


37-087 


962 


37-874 


982 


38-662 


923 


36339 


943 


37-126 


963 


37-914 


983 


38-701 


924 


36-378 


944 


37166 


964 


37-953 


984 


38-740 


925 


36-418 


945 


37-205 


965 


37-992 


985 


38-780 


926 


36-457 


946 


37244 


966 


38-032 


986 


38-819 


927 


36496 


947 


37-284 


967 


38-071 


987 


38-858 


928 


36536 


948 


37323 


968 


38-110 


988 


38-898 


929 


36575 


949 


37-362 


969 


32''5o 


989 


38-937 


930 


36-614 


950 


37-402 


970 


38-189 


990 


38-977 


931 


36-654 


951 


37*441 


971 


38-229 


991 


39-016 


932 


36-693 


952 


37-481 


972 


38-268 


992 


39"055 


933 


36-732 


953 


37-520 


973 


38-307 


993 


39'095 


934 


36-772 


954 


37-560 


974 


3^*347 


994 


39»34 


935 


36-811 


955 


37'599 


975 


38-386 


995 


39173 


936 


36-851 


956 


37-638 


976 


38-425 


996 


39213 


937 


36-890 


957 


37677 


977 


38465 


997 


39»5» 


938 


36-929 


958 


37717 


978 


38-504 


998 


39*92 


939 


36-969 


959 


37756 


979 


3$*544 


999 


39331 


940 


37-008 


960 


37796 


980 


38-583 


1000 


39370 



NoTB. — To convert Metres into Inches (approximately) multiply by 40^ and to convert 

Inches into Metres (approximately) divide by 4a 



One millimetre (unnrP^^ o^ ^ metre) 

One centimetre 

One decimetre . 

One metre . 

One sqaare millimetre 

One square centimetre 

One square decimetre 

One square metre 

One inch . 

One foot 

One 3rard . 

One square inch . 

One square foot 

One square yard . 

One cubic inch 

One cubic foot 

One cubic yard 

Millimetres multiplied by '03937 

Inches multiplied by 25*4 . 



•03937 inches. 

10 millimetres, or = '3937 inches. 

10 centimetres, or 3*937 inches. 

10 decimetres, or 39*370 inches. 

'00155 square inches. 

'1 55 square inches. 

15*55 square inches. 

1550-06 square inches. 

-0254 metre. 

•3048 metre. 

'9143 metre. 

'000645 square metre. 

'0928 square metre. 

'8360 square metre. 

16-387 cubic centimetres. 

28*3153 cubic decimetres. 

7645 cubic metre. 

inches. 

millimetres. 
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French Weights and Measures. 

Tray ounces. Avoirdnpob Ibt. C«^ — xzs lb. 

Milligramme o'cxxdo32 o'ocxxx)32 o'Ooooooo 

Centigramme . 0*000322 0*0000220 0*0000002 

D^igramme 0*003215 0*0002205 0*0000020 

Gramme 0*032151 0*0022046 0*0000197 

Decagramme 0*321507 0*0220462 0*0001968 

Hectogramme 3*^15073 0*2204621 0*0019684 

Kilogramme . 32*150727 2*2046213 0*0196841 

Myrigramme 321*507267 22*0462126 0*1968412 

Grain = 0*064799 gi^mme. 

Troy ounce = 31*103496 grammes. 

Pound avoirdupois . . = 0*453593 kilogrammes. 

Cwt = 50*802377 kilogrammes. 

One centilitre =: ^0176 pint 

One decilitre =*i76opint. 

One litre = 17607 pints. 

One litre =61*02524 cubic inches. 

One litre is a little over if pints. 

Litres multiplied by *220i . . = imperial gallons. 

Hectolitre multiplied by 2*7512 . . = bushels. 
Grammes multiplied by '002205 . = pounds avoirdupois. 
Kilogrammes multiplied by 2*205 • = pounds avoirdupois. 
51 kilogrammes . = nearly 1 cwt. 

One metric ton = 1000 kilogrammes. 

Tons multiplied by '984 . . = French tonnes. 



Table 163. — French Measures and Weights of Various Metals. 



Wrought 
Iron. 



Cut 

Iroo. 



SteeL 



Copper. 



One drcnlar mitre, one iiiillimto« thick. Weight 
in Idlogrammes 

One cubic mtoe. Weifljht in Idiogrmmmes . . 

One cylindrical mfetre. IVeight in Kilogramines . 

One souare mitre, one millimetre thick. Weight 
In kuogrunmet 



6*04 
7690- 
6040* 

7-70 



7a8o' 
57ao* 

7-30 



6'z6 
7840- 
6z6o* 

7-85 



6*96 
8800- 
6910* 

8-85 



6-65 
8490* 
6610* 

«*4S 



iijS* 



11*40 



Thia Tr^mtih uiiit of work is one kilogrammetre, or a pressure of one 
kilogramme exerted throagh a space of one metre. 

One kilogramme is equal to 7*233 foot pounds. 

TIm Frenoh horsa-powttry or cheval vapeur, is equal to 75 kilogram- 
metres of work done per second ; or equal to 75 x 7*233 = 542*47 foot 
pounds of work per second. 

TlM nwioli imit of hMkt is the amount required to raise the 
temperature of i kilogramme of water through i C. 
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Table 164. — Containing the Tested Performances op Men and 
Animals — ^The Velocity of Air, Wind, Light, and Sound — ^The 
Velocity of Shot and Shell from Light and Heavy Guns — 
The Velocity of the Current of Sewers^ Water Pipes, Canals, 
Rivers, and Oceans — ^The Average Speed of Boats, Sailing 
Vessels, Yachts, Steamboats, Steamships, Torpedo Boats, and 
OF Railway Trains, Tramcars, and other Conveyances, etc. 



Description. 

Man carrying a load in a wheelbarrow up an incline of i in 

12. Force, 132 lbs. during 10 hours . . . . 

Man carrying a load on his back up a slight incline or 

stairs. Force, 142 lbs. during 6 hours . . . 

Man raising earth with a spade to a height of 5 feet. Force, 

60 lbs. during 10 hours 

Man ascending a slight incline or stairs without a load. 

Force, 142 lbs. during 8 hours . 

Man on a treadwheel. Force, 144 lbs. during 8 hours 
Man elevating a weight by hand. Force, 44 lbs. during 

6 hours 

Man elevating a weight by pulling a cord downwards over 

a pulley. Force, 40 lbs. during 6 hours 
Man pushing or pulling horizontally. Force, 30 lbs. during 

8 hours 

Ox turning a mill at a moderate pace. Force, 144 lbs. 

during 8 hours 

Ass turning a mill at a moderate pace. Force, 33 lbs. 

during 8 hours 

Horse drawing a carriage at an ordinary pace. Force, 

155 lbs. during 10 hours 

Horse turning a mill at an ordinary pace. Force, 100 lbs. 

during 8 hours 

Mule turning a mill at an ordinary pace. Force, 70 lbs. 

during 8 hours 

Man pushing and pulling alternately in a vertical direction. 

Force, 1 1 lbs. during 8 hours 

Man turning the handle of a crane. Force, 15 lbs. during 

8 hours 

Man turning the handle of a screw-lifting jack. Force, 

20 lbs. during 8 hours 

Horse turning a mill at a trot. Force, 70 lbs. during 

5 hours 

Circumferential velocity of waterwheels . . . 

Velocity of mercury into a vacuum 

Velocity of air into a vacuum 

Velocity of steam of all pressures into a vacuum 

Rifle ball. Muzzle velocity 



Velocity in Feet 
per Second. 



•06 

•13 
•14 

•50 
•50 

•65 



2 

2*65 

2*96 

3 
3 
3 '6 

4 



9 

5 

13 

1300 

1900 
1400 
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Table 164 continued. 



DcscriptioQ. 



dodt^bFe 
perSeoQBd. 



bFeet 



6-inch Austrian bronze steel gun, with 18 lb. charge of 
powder, and with a shell weighing 85^ lbs. Velocity at 

the muzzle 

7-inch Woolwich gun. Charge of powder, 30 lbs. ; projec- 
tile, 11 4I lbs. Muzzle velocity 

80-ton Woolwich gun. Diameter of bore, 16 inches ; length 
of bore, 288 inches; weight of projectile, 1700 lbs.; pres- 
sure, 2 1| tons. Muzzle velocity 

71-ton ICrupp gun. Diameter of bore, 15I inches ; length 
of bore, 343 inches; weight of projectile, 171 5 lbs.; pres- 
sure, 2 1 tons, nearly. Muzzle velocity 
24-centimbtre Krupp gun. Charge of powder, 171 lbs. 

weight of projectile, 308 lbs. Muzzle velocity 
100-ton Woolwich gun. Weight of projectile, 2000 lb 

Muzzle velocity 

Velocity of sound in air at 62^ 

Ditto ditto water 

Ditto ditto copper 

Ditto ditto wood 

Ditto ditto iron 

Sewers. For drain pipes under 6 inches diameter 
Ditto. Ditto from 6 to 10 inches diameter 

Ditto. Ditto „ 12 to 17 ditto 

Ditto. Ditto „ 18 to 24 ditto 

Ditto. Ditto above 24 ditto 

Water pipes. Town's supply under pressure, from 20 to 



Artificial canals 
Rivers with sluggish current . 
Ditto ordinary 

strong 

rapid 

very rapid 

torrent-like 
River torrent caused by melting snow 
Thames at London flood-tide, mean 
Ocean current, entrance to Dover . 

Ditto ditto Calais 

Greatest tidal current . 



Ditto 
Ditto 
Ditto 
Ditto 



Wind, gentle breeze, pressure per square foot 
„ pleasant breeze „ „ 

„ high wind „ „ 



Iba. 

o 
o 
I 



OS. 

•83 

333 

5* 



1476 
1561 

1657 

1703 

2000 

2000 

1125 

5060 

1 1000 

13000 

190CO 

i 

3s 

30 



Velocity ia 
MUesperHoer. 



I 
S 

I 

li 

2 

3 
4 
6 

10 

2 

;l 

10 



325 

6-5 
i6'25 
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Table 164 continued. 



Description. 



19 






99 
it 



»> 



lbs. 

5 

31 
46 



oz. 



3 
9 

3 

12 



Wind, storm or gale, pressure per square foot 
great storm „ 

hurricane „ 

tremendous hurricane 
Soldier on march, common time 

Ditto quick time 

Ditto double quick time .... 

Man walking 

Horse towing a boat, exerting a pulling force of 120 lbs. 

during 10 hours 

Omnibus 

Tram cars, driven by horses 

Ditto driven by steam-engine 

Horse trotting 

Horse racing on a racecourse 

I Tricycles 






Bicycles 

Steam tugs 

Small steamboats on rivers .... . . 

8-oar boats on rivers, racing 

Sailing vessels 

Steam ships, ordinary 

Ditto fast 

Steam yachts 

Torpedo boats 

Railway trains, goods 

Ditto ordinary passenger 

Ditto first-class express 

Velocity of light, 186,600 miles per second ; solids must 
be heated to about 700° to produce light in the dark, and 
to about 1000° to produce light in daylight. 
Lightning travels at such a velocity that it would go 480 

times round the earth in one minute. 
Thunder travels 380 yards in one second. 
Clouds travel in a high wind at a velocity of 60 miles an hour. 
The earth turns round upon its axis from west to east, at 

the rat^ of 1042 miles an hour at the Equator. 
Sound travels 13 miles in a minute in the air. 
A human voice on a calm day, may be heard at a distance of 

460 feet, 
ditto ditto 

ditto ditto 

ditto ditto 

ditto ditto 



The report of a rifle 
A military band 
The report of a cannon 
Heavy bombardment 



3 miles. 

3 

20 

100 



i9 



>» 



Velocity in 
Miles per Hour. 



32-5 
56*29 

79'6i 
97-5 

3 

3f 

3 

2I 
*a 

5 

6 

10 
8 

30 
10 

12 

8 
10 
12 
12 
16 
20 
22 

25 

25 
40 

60 



c c 
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Table 164 continued. 



Mr. Mallet found that the shock produced by the explosion of gun- 
powder, travelled at the rate per second of 951 feet in wet sand; 
1283 feet in friable granite ; and 1640 feet in solid granite. 

The shock of an earthquake travels with a velocity of from icxx>to 1600 
feet per second, on an average ; but in some cases the velocity 
has been as high as 2860 feet per second. 

A velocity of i mile per hour =1*46 feet per second, or 88 feet per 
minute, or 5280 feet per hour. 

A velocity of i foot per second =60 feet per minute, or 3600 feet per 
hour, or '6818 miles per hour. 



QUALITIES OF METALS. 

Gold of fine or pure quality is nearly as soft as lead. To enable it to 
resist wear, it is hardened by allopng with copper and silver. The 
fineness of gold is denoted by the number of carats present in 24 carats of 
the alloy, pure gold being 24 carats fine; standard or sovereign gold is 
22 carats fine, and is a mixture of 22 parts gold and 2 parts copper. A 
new sovereign weighs 123*27447 grains, or a little more than 123^^ grains, 
and when its weight is reduced by wear to under i22\ grains it is not a 
legal tender. A new half-sovereign weighs 61*63723 grains, and when its 
weight is reduced by wear to under 61-125 gniins, it is not a legal tender. 
After a sovereign has been in circulation for 20 years, its weight will have 
been reduced by wear to a little below the minimum legal weight. The gold 
coinage of this country weighs about 800 tons. The gold used for the best 
class of jewellery is 18 carats fine, and is a mixture of 18 parts gold and 
6 parts copper. The gold used for common jewellery is 9 carats fine and 
is a mixture of 9 parts gold and 15 parts copper. Jewellers test gold 
with nitric acid, which leaves a stain on metal which is much alloyed, the 
colour of the stain varying according to the quality of the metal. Nitric 
acid does not affect 18 carat gold, but produces a dark stain on 9 carat 
gold, and a green stain upon the metal when a large proportion of capper. 
brass, or German silver is present. Gold dissolves in aqua regia or a 
mixture of one part nitric acid and four parts hydrochloric acid. 

Silver of fine or pure quality is soft and ductile; its power of condnctinc 
electricity and heat is superior to all other metals. Standard silver nsed 
for coins, is a mixture of 92^ parts silver and 'j\ parts copper, i lb. of vbich 
contains 11 oz. 2 dwts. silver and 18 dwts. copper. The fineness of salver 
is denoted by the number of dwts. it is better or worse in qaalitjr than 
standard silver. Nitric acid produces a black mark on fine ^ver» and a 
green mark on silver which is much alloyed. 

€k>pp«r being more malleable than ductile, is more suitable for besag 
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hammered and rolled into plates, than being drawn into wire ; its mallea- 
bility and ductility depend greatly upon its purity. Copper, during the 
process of being hammered, rolled, or drawn into wire, becomes hard, 
stifF, and liable to crack, and requires to be frequently annealed to restore it 
to its normal quality ; when these processes are carefully carried out, the 
strength of copper is thereby considerably increased. Bean-shot copper is 
obtained by pouring melted copper into hot water, and feathered-shot 
copper by pouring melted copper into cold water. The bronze coinage of 
this country and of France is a mixture of 95 parts copper, 4 parts tin, and 
I part zinc. 

Tin possesses very little tenacity, but is very malleable, and may be 
beaten and rolled into thin leaves of tin-foil of the one-thousandth part of 
an inch in thickness ; when quickly bent tin gives a creaking sound. Tin is 
not much affected by weak acids, or by exposure to the air. Tin-plate is 
sheet-iron coated with tin. Tin-salt is obtained by dissolving tin in 
hydrochloric acid. Tin is dissolved by mercury, and an amalgam of tin 
and mercury is used for silvering mirrors. Grain-tin is made by heating 
tin of very pure quality to nearly the melting point — ^when it becomes 
brittle — and dropping it from a height, which breaks it into prismatic 
pieces. The quality of tin may be tested by casting it in a stone mould> 
and when it is cold, the impure tin will be frosted all over, the common 
tin partly frosted, and the refined tin will be smooth and bright. 

Zino is brittle both at ordinary and at high temperatures, but is malleable 
at a temperature of 250° F., when it may be rolled into sheets or drawn 
into moderately fine wire. Zinc is very little affected by exposure to the 
air. A coating of zinc on iron prevents its oxidation. The addition of 
10 per cent, of bismuth makes it more easily melted, and the addition of 
10 per cent, of chloride of ammonium is said to Increase its hardness. 

Lead is very malleable but is not tenacious, and cannot be drawn into 
very fine wire ; it resists the action of muriatic, sulphuric, and other acids, 
strong nitric acid does not affect it much, but diluted nitric acid soon 
dissolves it. The addition of a little lead makes brass more ductile, but a 
large addition makes it brittle, and causes the metals to separate during 
solidification. The addition of a little resin to lead just before pouring, 
prevents the metal scattering, when being poured round a damp joint. 

Antimony is a very brittle and a comparatively light metal, it is used 
principally for alloying with other metals, to harden tin and lead in making 
white-metal for bearings, &c., tj^e-metal, and stereotype metal. It melts 

at 810'' F. 

Bismuth is a very brittle, reddish-white crystalline metal. It is used 
principally for imparting fusibility to other metals. It possesses the property 
of expanding considerably during solidification, and is useful for taking 
impressions of dies. It melts at 507° F. 

Gadminm is a silver-white crystalline metal, similiar in appearance to 

c c a 
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tin, but harder and more tenacious. It is malleable and dacdle at tiie 
ordinary temperature, but is brittle at 185^ F. It melts at the low tem- 
perature of 442^ F., but it is difficult to use as an ingredient of alloys, 
because it volatilises rapidly at the ordinary temperatures necessaiy for 
making alloys. It is dissolved easily by mineral acids. 

Tlie quality of Zron and Steel may be ascertained by immerdng a 
small well-polished piece in diluted nitric acid for 12 hours, when its 
structure will be exposed by the action of the acid, and best steel will appear 
frosted ; common steel honeycombed ; best wrought-iron will show fine 
fibres ; common wrought-iron, coarse fibres ; and grey cast-iron will show 
well defined crystals of carbon. 



Table 165. — Profit and Discount. 





«o7. 




407. 



so7. 



s, d. 



s, d. 



8 



9^ 



The eelling price of goods to leave a given per-centage of profit on 
the whole returns may be found by the following rule : — ^Multiply the cost 
price by 100, and divide the product by lOO, minus the required profit 

The interest for any number of days due on any principal, maj be 
found approximately by the following rule : — Multiply the principal by the 
number of days to run, and divide the product by one of the following 
constant numbers, according to the rate of interest required, viz.:— 

By 121 for 3 7o ; 91 ^or 4 7o >' 73 ^or 5 7o ; ^o'S ^or 6 7^ ; 53 ^or 7 %\ 
48-5 for 7i 7^ ; 45 for 8 7^ ; 40 for 9 7^ ; 36 for 10 7^ ; 29 for 12^ \\ 
24 for 15 7o • *o for 18 7o * iS for 20 7o ; and finally divide the quotient 
by icxx 
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Table 166. Properties of Air, from Mr. Glaisher's Observations at 
Greenwich Observatory. — Barometer 30 inches at 60° Fahrenheit. 







Weightof 


Weight 






Weightof 


Weight 


Tern- 


Force of 


Vapour 


per cubic foot. 


Tern- 


Force of 


Vapour 


per cubic foot. 


peratnre 
of the 


Vapour in 
Inches of 


per cubic 
foot of 




perature 
of the 


Vapour in 
Inches of 


per cubic 
foot of 












Air. 


Mercury. 


saturated 
Air. 


Dry Air 


Satu- 
rated Air 


Air. 


Mercury. 


saturated 
Air. 


Dry Air 


Satu- 
rated Air 


•Fahr. 


Inches. 


Grains. 


Grains. 


Grains. 


•Fahr. 


Inches. 


Grains. 


Grains. 


Grains. 


10 


•089 


I*II 


590-0 


'Mi 


52 


*400 


ti 


540-5 


537-9 


12 


•096 


1*19 


587-5 


54 


'428 


538*3 


535*5 


14 


*I04 


1-28 


584-9 


584-2 


56 


•458 
•489 


5-18 


536*2 


533*2 


16 


*II2 


1-37 


5824 


581-6 


1^ 


5*87 


534*1 


530*9 


18 


'I20 


1*47 


5799 


579-1 


60 


•523 


532-0 


528-6 


20 


*I29 


1*58 


577 -4 


576-5 


62 


•559 


6-25 


529-9 


5263 


22 


•139 


1*69 


575-0 


574-0 


64 


*§97 


6-65 
7-08 


527-8 


524-0 


24 


•150 
•161 


1-81 


572-5 


571-5 


66 


•638 


525-8 


5217 


26 


1-93 


570-I 


569-0 


68 


-681 


7-53 


5237 


519*4 


28 


•173 


2-07 


5677 


566-5 


70 


727 


8-00 


521*7 


517-2 


30 


•186 


2*21 


565-3 


564-1 


72 


•776 


850 


519-7 


514-9 


32 


•199 


2-37 


5630 


561-6 


74 


•827 


9*04 


517*7 


512-6 


34 


*2I4 


253 


5607 


559-2 


76 


•882 


9-60 


515-7 


510-3 


3S 


•230 


271 


558-3 


556-8 


78 


-940 


10-19 


513*8 


508-0 


38 


•246 


2-89 


5560 


554-4 


80 


I'OOI 


10-81 


5II-8 


505-7 


40 


'264 


3-09 


553-8 


552-0 


82 


I 067 


11-47 


5099 


503-4 


42 


•283 


330 


551-5 


549-6 


84 


1 136 


12-17 


508-0 


501 -I 


44 


•304 


352 


549-3 


547-2 


86 


1-209 


12-91 


506-1 


498-9 


46 


•326 


3*76 


547-0 


544*9 


88 


1-286 


13*68 


504-2 


4966 


48 


•349 


4*01 


544*8 


542*5 


90 


1-368 


14*50 


502-3 


494*3 


50 

1 


•373 


4*28 


5426 


540-2 


92 


1-456 


15*33 


500-4 


492-0 



Table 167. Mean Temperature 


OF THE Air at ' 


Various Places. 




Mean Temp. 


Height 




Mean Temp. 


Height 


Name of place. 






above 

the Sea. 


Name of Place. 






above 
the Sea. 












Summer 


WinUr 


Feet. 




Summer 


Winter 


Feet. 




•Fahr. 


•Fahr. 






•Fahr. 


•Fahr. 




Algiers . 


75 


54 


310 


Madrid . . . 


74 


42 


2175 


Berlin . . . 


63 


31 


128 


Mexico, City. 


64 


60 


6993 


Berne 


61 


3" 


I918 


Montreal . . . 


69 


18 




Boston, America . 


66 


28 


71 


Moscow . 


63 


14 


480 


Buenos Ayres. 


73 


53 




Naples . . . . 


75 


50 


180 


Cairo . . . . 


85 


59 


— 


New Orleans. 


84 


57 


22 


Calcutta . 


84 


68 


— 


New York, . . 


72 


33 


21 


Canton • . ■ 


82 


55 


II 


New Zealand. 


67 


54 


-.— 


Cape of Good Hope. 


75 


59 


— 


Nice . . . . 


73 


49 


— 


Ceylon, Candy . . 


73 


72 


1684 


Paramatta, Australia 


74 


55 


— 


Christiania . . . 


60 


26 


74 


Paris 


65 


38 


210 


Constantinople 


74 


41 


150 


Pekin, China . . 


78 


29 


97 


Copenhagen . . . 


63 


32 


20 


Philadelphia . 
Quito, Ecuador . . 


75 


34 


30 


Dresden . 


63 


32 


397 


61 


60 


9560 


Edinburgh . . . 
Hobart Town . 


58 


39 


288 


Rio Janeiro . 


79 


6g 


II 


63 


42 


— 


Rome • . . . 


74 


.47 


174 


Jamaica . . . 


82 


77 


10 


San Francisco . 


59 


53 


150 


Jerusalem 


73 


50 


2500 


Stockholm . . 


61 


26 


134 


Lima, Peru . . 


74 


60 


5" 


St. Petersburg 


61 


17 


10 


Lisbon . 


72 


53 


236 


St. Bernard Alps . 


43 


18 


8180 


LondoQ . . . 


62 


40 


50 


i Siberia, Irkutsk 


63 


-38 




Madeira, Funchal . 


70 


62 


— Vienna . . . . 


69 


34 


500 
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Table i68. — ^Mean Annual Rainfall in Inches at various places. 



Aiders . 

Baltimore . 

Bengal, on Khasia Hills 

Bergen, Norway 

Berlin, Prussia . 

Berks, Reading . 

Berks, Hungen6rd . 

Bomlxiy, India . 

Bordeaux 

Boston, North America 

Bucks, Aylesbury . 

Buffalo, North America 

Calcutta, India . 

Canton, China . 

Charleston, North America 

Cheshire, Todd's Brook R'voir 

Cheshire, Coomb's Reservoir 

Copenhagen 

Cornwall, Penzance . 

Cornwall, Pencarran • 

Cumberland, Stye-in-Borrowdale 

Cumberland, Keswick. 

Cumberland, Whitehaven 

Cumberland, Cockermouth 

Derbyshire, Chatsworth 

Derbyshire, Chapel-en-le- Frith 

Devonshire, Exeter . 

Devonshire, Honiton . 

Devonshire, Plymouth 

Devonshire, Goodamoor 

Dover, Kent . 

Dublin 

Edinburgh 

England, average for whole of 

Essex 

Genoa, Italy 

Glasgow . . . , 

Granada, Colombia 

Greenock 

Hampshire, Fyfield . 

Hampshire. Gosport . 

Hampshire, Southampton 

Hampshire, Selbome . 

Havannah 

Island of Cuba . 

Island of San Domingo . 

Lancashire, Moss Lock, 

Rochdale 
Lancashire, Liverpool 
Lancashire, Blackstone-edge 
Lancashire, Manchester 



near 



Inches. 

37-00 

42*00 

600*00 

87*60 
23*56 

25*40 
2658 

1 10 '00 

2580 
44-50 

28-40 
27*36 

7300 

69*30 

48*30 

3840 

51 30 
18*36 

41*10 

4530 

165*00 
67*50 

4700 
45*40 

27*80 

4300 

29*20 

33-20 

35 70 
56*80 

37-50 
25*00 

27*00 

36*00 

21*00 

56*00 

28*00 

115*00 
60*00 
2590 
30*20 
30*30 
37-20 
91*20 

141*00 
d 1 20*00 

30-30 
3470 
36*30 
37*30 



Lancashire, Maiple 

Lancashire, Bury • 

Lancashire, Coombs 

Lancashire, Rochdale 

Lancashire, Bolton 

Lancashire, Crawshawbooth 

Lille, France . 

Lima, Peru. . 

Lincolnshire, Lincoln 

Lincolnshire, Boston . 

London . 

Madeira Islands . 

Middlesex, Chiswick 

Middlesex, Tottenham 

Milan, Italy . 

Mississippi State . 

New Orleans . 

New York . • 

Norfolk, Felthorp . 

Norfolk, Dickleborough 

Northampton, Wellingborough 

Ohio State . 

Paris 

Pekin . 

Pentland Hills 

Peru, Carabaya 

Philadelphia 

Pisa 

Rivington Pike 

Rome, Italy . 

San Francisco 

Somersetshire, Bridgewater 

Somersetshire, Bath . 

St. Petersbui^, Russia 

Stockholm . 

Surrey, Cobham . 

Sussex, Hastings 

Swinesbaw Brook, near Staley 

Bridge . 
Tiflis . 
Venice 
Viviers 

Washington . 
Westmorland, Waith Sutton 
Westmorland, Kendal 
Westmorland, Grasmere 
Westmorland, Gatesgarth 
Westmorland, Seathwaite 
Yorkshire, York 
Yorkshire, Sowerby Bridge 
Yorkshire, Barrowsby 



41*70 
45-80 

46*75 
49-50 
60*00 
29-00 
13-50 

20*20 
23-10 
24*00 

30-87 
24-00 

24*80 

38 XX) 

53-00 

5232 
42-24 

22-60 
25x10 

24*90 

22^5 
22-65 
26-92 
36*12 
35500 
4$'20 

4900 
56*50 
30*80 
83-10 

2930 

3240 
17-64 

19*68 
24-42 
32-00 



49-30 
19-25 
31-12 

34-xo 
41-25 

40*62 

58-12 

107-51 

117-20 

140-60 

27*00 
27-51 



I 






Inob of rainfall on a square yard of surface represents a fall of 46-74 lbs., 
or 4*67 gallons : on an acre it represents a fall of 22,622 gallons, equal to almat oat 
hundred tons per inch in depth per acre. 

Xnobes of rainfall x 14*501 = millions of gallons per square mUe t ditto x 
2,323,200 = cubic feet per square mile : ditto x 3630 = cubic feet per acre. 
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A BSOLUTE pressure, 20. 
"**■ Accidents to workmeni 327, 328. 
Accumulator, the, 112. 
Acid test for gold and silver, 386. 

for iron and steel, 388. 

test for steel, 246. 

Actual horse-power of boilers, 167. 

horse-power of engines, 4. 

horse-power of pumps, 95. 

horse-power of shafts, 142. 

Adamson's flanged seams, 164, 178. 
Adhesive power of locomotive engines, 29. 
Admission line of diagrams, 25. 
Advance of the cut of tools, 210. 
Air admitted above the fire in boilers, 165. 

cooling of pipes by, 202. 

for apartments, 204. 

for barracks, 204. 

for candle-burning, 204. 

for churches, 204. 

for coal-burning, 187, 

for gas engines, 85. 

for hospitSs, 204, 205. 

for mines, 205. 

for oil-burning, 204. 

for prisons, 204. 

for public buildings, 204. 

per head, 204. 

for respiration, 204. 

for transpiration, 204. 

for ventilation, 204, 205. 

pump, I J. 

— -pump valves, 15, 

— vessel for pumps, 95. 

warm, for heating, 203. 

weight of, 205. 

Air, increase of volume of, by heat, 205. 

, mean temperature of, 389. 

, properties of, 389. 

Alloys, fusible, 235, 236. 

for fusible plugs, 235. 

specific gravity of, 272.. 

strength of, 229, 230, 270. 

various, 229 — 235. 

of copper and tin, 229 — ^233. 

melting point of, 236. 

of tin and copper, 234, 235. 

Aluminium bronze, 229. 

solder, 238. 

Angle of clearance of lathe tools, 21a 

of cutting of lathe tools, 210. 

of safety-valve seats, 184. 

iron beams, 267. 

iron, length to make a hoop, 292. 

iron, strength of, 270. 

iron, weight of, 281. 



Angle of lathe centres, 2lo. 

Ai^lar velocity, 120. 

Ammals, power and weight of, $. 

floor and cubical space required for, 

204. 

tested performances of, 383, 386. 

Annealing metals, 244, 245. 
Anti-corrosive metal, 232. 

corrosive paint, 320, 

fiiction grease, 324. 

friction metal, 234, 235. 

rust metal, 232. 

Antimonv, 387. 
Anti(|ue Dronze, 242. 
Application for patents, 340—342. 
Aquarium cement, 314. 
Area of chimneys, 187. 

of cylinders, 10. 

of cylinders for compound engines, 22. 

of ege-shaped sewers, 333. 

of exhaust-pipe, 10. 

of safety-valve, 183. 

of steam-pipe, 10. 

of steam-port, 10. 

Arms of pulleys, curved, 151. 
of pulleys, straight, 151. 

— of wheel gearing, 1 18. 
Asbestos covenng for pipes, 112. 
Atmospheric air, volume of, 205. 
Axle grease, ^24. 

locomotive, 40, 45, 49, 62, 76, 77> 81. 

railway wagon, 83. 

"DACK pressure, 7, 27. 
-^ Baffle plate of boilers, 165. 
Balancing moving parts of engines, 10. 
Balls, cast iron, weight of, 295. 

for governors, 17. 

of various metals, to find the weight 

of, 295. 
Bands, cotton, 155. 

leather, 154, 155. 

rope, 125, 126. 

wire-rope, 156. 

Band-saws, speed of, 212. 
Band-saw blades, strength of, 212. 
Bankruptcy laws, the new, 344, 345. 
Beams, angle iron, 267. 

cast iron, 264, 268. 

wood, 264. 

wrought iron, 265, 

Bearings, ^loys for, 229 — ^232. 

anti-friction, 234, 235, 

friction of, 138, 139. 

metals, various, 229 — ^235. 

, pressure on, 143. 
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Bearings of shafting, distance between, 142, 

144. 

— of water-wheels, 107. 

self lubricating, 324. 

Bed, engine, 15. 

Belts, cements for, 319. 
cotton, strength of, 155. 

— dressing for, 325. 
•^^ for damp places, 156, 

— friction of, 156. 

— india-rubber, 156. 
linen, 156. 

leather, rules for, 154, IJ5. 

leather, strength and weight of, 155. 

pulleys for leather, 151 — 154. 

pulleys for rope, 126, 

pulleys for wire rope, 156. 

rope, 126 

waterproof, 156. 

Bell clappers, 233. 

metal for sinall bells, 233. 

metal for church, &c., bells, 233. 

Bells, thickness of metal of, 233. 

weight of, 233. 

Bends in water-pipes, effect of, 109. 
Bessemer steel, loi, 250, 260, 291. 

steel, weight of, 291. 

Bevel wheels, power of, 123, 127. 

wheels, to project, 117. 

wheels, proportions of, 1 16. 

wheels, weight of, 127. 

B G gauge for sheet and hoop-iron, 289 

Bills of exchange, notes on, 343. 

Bismuth, 237, 387. 

Bismuth solders, 237. 

Blackboards, paint for, 320. 

Black finish for brass work, 241, 242. 

Blast of fans, 213. 

pipe, locomotive, sire of, 37, 55, 74, 

n, 81. 

Block-tin tubes, weight of, 286. 

Blueing and colouring metals, 240, 241, 

242. 
Bo^e engines, 60, 77. 
Boilers, 161 — 193. 

blowing-off, 192. 

bursting-pressure of, 179, 180. 

care of, rules for, 190. 

cements for covering, 112, 318. 

Boiler chimneys, 171, 187, 188. 
Boilers, collapsing pressure of, 179, 1 8 1. 
Cornish, proportions and weight of, 

169. 

dished ends of, 166, 174. 

dome, 167. 

— egg-ended, 166, 174. 

ends, 163. 

evaporation, 161. 

, factor of safety of, 179. 

feed, position of, 166. 

6re-bars, 189. 

firing instructions, 190. 



Boiler fittings, 165, 190. 



Boilers, flat surface staying, 165, 166. 
Boiler flues, 165, 187. 

flues, collapsing pressure of, 179, l8l. 

, furnace, mounting, 165. 

heating surface, 167 

Boilers, horse-power of Cornish, 166. 

horse-power of egg-ended, 166. 

horse-power of Lancashire, 166. 

horse-power of vertical, 167. 

hot water, 203. 

Boiler incrustation, 189. 
Boilers, Liancashire, 160 — 169. 

locomotive, 33, 50, 52, 71, 73, 77, 8a 

Boiler-plates, iron, loss of strength o( at 

high temperatures, 261. 

plates, iron, strength of, 176, 259. 

plate iron, testing, 260. 

plates, iron, weight of, 282, 2891 

plates, steel, 260, 291. 

Boilers, portable, proportions and we^ht 

of, 172. 
return tube, proportions and weight 

of, 173- 
Boiler rivets, pitch of, 28a 

rivets, test for, 261. 

rivets, weight of, 303. 

Boilers, riveted joints o2, 1 76, 177, 178, 

280, 281. 

rules for the weight of, 174 

Boiler setting, 165. 

safety-valves, 182 — 186. 

scale, 189. 

shells, 161, 162. 

shelb, bursting pressure of, 1799 i8a 

shells, weight of, 175. 

stays, 163, 165. 

Boilers, staying flat surfaces of^ 165, 1G6. 
Boiler-flue tul^, strengthening rings, 164, 

178. 
tubes, brass, mixture of metal for. 

231. 

tubes, brass, weight of, 296. 

tubes, vrrought iron, weight o^ 174, 

176. 
tubes, wrought - iron lap - welded, 

weight of, 176. 

tubes, collapsing pressure of, 179, 181. 



Boilers, weight of, 169 — 174* 
Boiling point of water, 159. 

of metals, 236. 

Bolts, nuts and washers, weight of, 283. 

for foundations, 284. 

strength of, 284, 

weight of, 283. 

Bore of guns, size of, 302. 
Brake, motion of, 147, 148. 

railwa;r, 43. 47, 70. 

Brands of pig iron, 227. 
Brass, alloys, 229—232. 

black finish for, 241, 242. 

bronzing, 242. 

— burnishing, 239. 
colouring, 242. 
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Brass dipDing, 242. 

finishing, 239. 

iiirnacei 228. 

malleable, 23a 

melting, 228. 

mixtures of metal for, 229 — 232. 

naval, 232. 

polishing, 239. 

red, 232. 

sheet, 232, 290, 292. 

speed for cutting, 209. 

strength of, 229, 270. 

tubes, 231, 296. 

various mixtures of, 229 — 232. 

white, 232, 

to whiten, 243. 

wire, 230, 232, 270. 

wire, strength of, 229, 270. 

wire, weight of, 301. 

bars, weight of, 229, 301. 

casting, 228, 229. 

effect of rolling, 230. 

foundry, 228. 

foundry receipts, 323. 

lacquering, 242, 243. 

weight of 229, 290, 292, 301. 

Brasses, 231. 

Breaking strains, 127, 155, 156, 259, 270, 

27if 293, 294, see also Tensile Strength. 
Breast water-wheels, 106. 
Bricks, 331, 352. 
Brickwork, 352. 
Brightening metals, 239, 323. 
Bronze, aluminium, 229. 

bearing metal, 229 — 232. 

bush metal, 229 — 232. 

castings, 228, 229. 

coins, 233, 387. 

phosphor, 230. 

for piston rings, 231. 

for pumps, &c., 231. 

Silician, 230. 

, special mixtures of metal for various 

purposes, 231—233. 

statuary, 229, 232. 

strength of, 229, 230, 270. 

weight of, 229, 291. 

burnishing, 239. 

colouring, 242. 

finishinp;, 239. 

lacquering, 242, 243. 

polishing, 239. 

Bronzing metals, 242. 

Brunswick Black, 321. 

Buffs for polishing metals, 239. 

Builder's memoranda, 352. 

Building materials, weight, &c., of, 311, 

352- 

Bulk or stowage capacity of various mate- 
rials, 304, 305. 

Burnishing iron and steel and other metal, 

239. 
Bursting pressure of boilers, 179, 180. 



Bursting pressure of cylinders, loi. 

pressure of hydraulic press cylinders, 

III. 

pressure of lead pipes, 294. 

pressure of spherical shell, 179, 

pressure of water pipes, loi, 102. 

pressure of pipes and cylinders of 

vanous metals, loi. 
Bushes, special metal for, 229 — ^232. 

pABLES, 263. 
^^ Cadmium, 387. 
Calculations for pumps, 95. 
Canals, flow of water in, 108. 
Canvas belting, 156. 

to waterproof, 325. 

Capacity of pumps, 95. 
Carbon, 311, 313. 

percentage of, in steel, 248. 

Carbonic acid eas, specific gravity of, 273. 
Care of steam boilers, 190 — 194. 
Cart-axle boxes, alloy for, 231. 
Carts, resistance to traction, 5. 
Casehardening, 244. 
Casks, contents of, 305. 
Casts, composition tor taking, 323. 
Cast-iron, notes on, loi, 102, 226, 270. 
balls, weight of, 295. 

bars, tests for, 102, 226. 

beams, 264. 

cements for, 319. 

circular plates, weight of, 3CX). 

chilled, 227. 

columns, 278, 279. 

composition of, 311. 

cylinders, metal for, 227. 

cylinders, weight of, 297, 298. 

fire bars, 189. 

girders, 267, 268. 

pillars, 279, 

pipes, notes on, 102. 

pipes, bursting pressure of, lOi, 

pipes, rules for, loi, I02. 

flange pipes, weight of, 103, 104. 

plates, weight of, 292, 300. 

socket pipes, contents of, 105, 

socket pipes, lead for joints of, 

102. 

socket pipes, pressure in, 102. 

socket pipes, testing, 102. 

socket pipes, weight of, 103. 

strength of, loi, 102, 226, 270. 

various mixtures of, 227. 

weight of a square foot of, 292. 

Cast-steel castings, 127. 
Casting brass and gun-metal, 228. 
Casting iron, various mixtures of metal for, 
227. 



iron, foundry receipts, 323. 



Castings, brass and gun-metal, 228, 229. 

steel, 127. 

rules for finding the weights of, 

275. 
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Castings, measnring patterns for, 376. 
Cementation, 25a 
Cements for cast-iron, 319. 

for the laboratory and workshop, over 

100 in number, 314— 3 '9- 
Centigrade d^ees to convert to Fahr., 

338- 
Centre of gyration, laa 

Centre-weighted governors, 18, 19. 

Centres of lathes, 210. 

of rivets of boilers, 280. 

of rivets of girders, 269. 

— of stay-bolts, 166. 

Centrifugal force, 16. 

pumps, 96. 

Centnpetal force, 16. 

Chains and ropes, 262 — 264. 

Change-wheels, tables of, for screw cutting, 

219 — ^225. 

weight of, 295. 

Channels and pipes, flow of water in, 108. 

Cheques, notes on, 343. 

Chemical substances, description of, 310 — 

312. 
Chilled castings, mixtures of metal for, 227. 

rolls, metal for, 227. 

rolls, turning, 211. 

Chisels, to harden, 247. 

Chisel-steel, weight of, 288. 

Chimneys for factoiy boilers, power of and 

rules for, 187, 188. 

for vertical boilers, 171. 

locomotive, 37, 54. 74> 77» 81. 

Circles, 332. 

Circular iron plates, 282, 300. 

saws, speed of, 212. 

^— saw benches, speed and horse-power 

of, 212. 
Circumferential velocity, 120. 
Cisterns, contents of, 92, 93. 
^— cements for, 319. 

stock sizes of, 294. 

Clay covering for pipes, &c.| 112, 318. 
Cleaning boilers, 192. 

i brass and silver, 323. 

Clearance in cylinders, 7, ii* 
Cloth, to waterproof, 325. 
Clothing for cylinders, 326, 

for pipes, 112, 318. 

Coal, 160. 

Cocks, proportions of, 97. 

i^^ and valves for steam, metal for, 231. 

and valves for water, metal for, 231. 

Coinage, 386. 

Coins, metal for, 233, 387. 

weight of, 343. 387. . ^ 

Coke, 161; for melting cast-iron, 208. 
Collapsing pressure of boiler flue tubes, 

179 — 181. 
Colouring drawings, 334. 
^— meUls, 240 — 244. 
Column of water, weight of, in pump 
barrels, 98. 



Columns, hollow, 279. 

solid, 279. 

of water, 92. 

Combustion of fuels, i6a 
Composition for covering steam boilctsaod 
pipes, 112, 318. 

for preventing scale in steam Ixnleis, 

189. 

for taking impressions and casts^ p} 

of fuels, 160. 

of i^lass, 311. 

of iron, 311. 

of lacquers, 243. 

of paints, 32a 

of slag of furnaces, 308. 

of sea- water, 194. 

of water, 91. 

of varnishes, 320, ^i. 

pipes, weight of, 206. 

Compressed bronze, 23a 
Compression line of diagrams, 25, 27. 

of steam, 7, 28. 

of metals and materials, redstance 

to, 226, 259, 270, 271, 279. 
Compound engines, 21 — 23. 

locomotive, 70 — 72. 

Condensation in steam cylinders, 5, 6. 
Condensing engines, 15. 

engines, nominal horse-power of, 4. 

Condenser, 15. 

Conducting power of metals for electricity, 
256. 

power of metals for heat, 198. 

Conductor, lightning, 188. 

Connecting rod, 14. 

Consumption of coal per indicated hQrs^ 

power, 161. 
of coal in hot-water boilers, 203. 

Contents of balls, 278. 

^— of barrels, 30^. 

of boilers, 160. 

of cisterns, 92, 93. 

of cone, 278. 

of cylinders, 93, 105. 

of pipes, 93, 104, 105. 

of wells, 105. 

Contraction of metal in casting, 336. 

Convection, 159. 

Conversion of steel, 250. 

Converting the weight of one metal into 
that of another, 277. 

Cooling iron pipes, 202. 

Copper, alloys of, 229 — 232. 

bars, weight of, 301. 

blanched, 233. 

bronzing, 242. 

casting, 229. 

flanges for pipes, alloy for, 232. 

notes on, 387. 

pipes, weight of, 296. 

plates, weight of, 290, 292. 

sheets, weight of, 290, 292, 

strength of, 229, 27a 
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Copper, speed for turning, 209. 

tubes, 296. 

wire, strength of, 270. 

wire, weight of, 301, 

Cord of wood, 194, 353. 

Cornish boilers, 162 — 169. 

boilers, contents of, 168. 

Corrugated iron, weight of, 286. 

roofing, 329. 

Cost of Fitter's work, Lathe work, shaping 
work, Planing work, large and small 
Turning work and Toolwork, 218. 

Cotters and gibs, 14. 

for bolts, 284. 

Cotton belting, strength of, 155. 

waste, stowage capacity of, 304. 

Couplings, for shafting, 145 — 147. 

claw, 147. 

, disengaging, 147. 

flailed, 144, 145. 

muff, 144, 145, 146. 

Covering, non-conducting, for pipes,&c. , 1 12. 

for boilers, 318. 

for cylinders, 326. 

Cowsheds, space in, 204. 

Crab gearing, 117. 

Crane gearing, 123, 124. 

shafts, 141. 

Crank, 11, 12. 

pin, 12. 

shahs, II, 140, 141, 144. 

Cross head, 12, 13. 

Crucibles, 323. 

Crushing strain of materials, 226, 259, 270, 
271, 279. 

Cupola, 208. 

Cutlers' cement, 316. 

Curve, expansion, 26. 

railway, 83, 84. 

theoretical, 24. 

Cushioning, 7. 

Cutting angle of lathe tools, 210. 

metals, 209, 211, 218. 

screws, 215 — 225. 

wheels, 213 — 215. 

wheels, price for, 2 1 8. 

Cutters, to harden and temper, 250. 

for wood- working machines, 212. 

Cylinder area, 10. 

condensation, 5, 6. 

Cylinders, bursting pressure of, loi. 

cast-iron, weignt of, 297, 298. 

, contents of, 93. 

hydraulic, ill. 

mixtures of metal for, 227. 

steam, proportions of, lo. 

strength ot, loi, 

thickness of, 10. 

Cylindrical steam boilers, 161. 

T^EAL frames, speed of, 212. 
■■^ Delivery pipes of pumps, 94. 
Density of blast fans, 213. 



Depreciation of fisictories, 332. 

of machinery, 332. 

Diagrams indicator, 23 — ^29. 
Diameter of cylinder, 10. 

of a pump, 96. 

Diminution of strength of iron at high 

temperatures, 261. 
Discharge of gas pipes, 208. 

of sewers, iii. 

of water channels, 108, 

of water pipes, 108, 109. 

of water through an orifice, 107. 

of water by pumps, 95, 99, loa 

Discount table, 38iS. 

Dished ends of boilers, 166. 

Dissolving metals, 242, 386. 

Distance between bearings of shafting, 142, 

144. 
Distribution of heat in boilers, 161. 
Dome of boilers, 167. 
Double and treble-threads of screws, 222. 
Drains, fall of, 109. 

discharge of, ill. 

Draught of (mimneys, 187. 
Drawmgs, to colour, 334. ^ 

varnish for, 322. 

Drills, to harden, 245, 247. 
Drilled boiler plates, 177. 
Drilling glass, 246. 

hard steel, 245. 

work, 211. 

Dry rot, paint for, 320. 
Dryinp; rooms, heating, 202. 
Dubbmg, 325. 
Ductility of metals, 237. 
Dusting for moulds, 323. 
Dwelling-rooms, heating, 202. 

space, 204, 205. 

Dwellings, ventilating, 204. 

warming, 202. 

Dynamometer, the, 147, 148. 

TTBONIZING wood, 321. 
•*-' Ebullition, 159. 
Eccentric, 12. 

strap and rod, 12. 

Economical working, 8. 

Effective pressure, 20. 

Efficiency of pumps, 3, 96. 

Egg-ended boilers, horse-power of, 166. 

shaped sewers, 333. 

Electricity, power of metals to conduct, 256. 
Emptying boilers, 192. 
Enamel glaze for pans, 319. 
End plates of boilers, 163 
Engine bed, ic. 

, condensing, 15, 16, 

foundations, 15. 

Engines, compound, 21, 22, 23. 

, gas, 84-^88. 

, locomotive, 29--83. 

, portable, hire of, 143. 

, proportions of, 9—15. 
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En^nes, stationary, 8 — 23. 
Estimates, data for, 211, 218. 
Evaporation of boilers, to ascertain, 167. 
Evaporative power of fuels in practice, 

161. 

power of fueb, 160^ 161. 

power of gas, 208. 

Exhaust line of diagrams, 25, 27. 

pipe, 10. 

— port, 10. 

Expansion curve, 24, 26. 

hoops for boiler flue tubes, 164, 178, 

182. 

of liquid by heat, 198. 

of water by heat, 194. 

— , longitudinal, of boiler flue tubes, 

164. 

of metals by heat, 198. 

rates of, 8. 

seams for boiler flue tubes, 164, 178, 

182. 

of steam, 8, 24, 26, 160. 

-*— of steam, ratio of, 20. 

of steam, theoretical curve of, 24. 

»— of hot- water pipes, 204. 

of steam-pip^ 204. 

of water m freezing, 92. 

of water by heat, 194. 



Express locomotives, 48, 51, 73> 77i 79» 

TRACTORS of safety, 179, 180, 182, 207, 

J- 259, 260, 264, 265, 284. 

Factorv chimneys, rules for, 187, 188. 

cnimneys, horse-power of, 187. 

Factories, depreciation of, 336. 

, warming by hot water and steam, 

200 — 204. 

Fahrenheit d^;rees, to convert to centi- 
grade, 338. 

Fall of drains, pipes, sewers, and rivers, 
109. 

of water, force of, 106. 

Falling bodies, 335. 

Fans, speed and proportions of, 213. 

Feed-pipe, position of in boilers, 166. 

pump for non-condensing engines, 12. 

pump for condensing engines, 16. 

water, heating, 166. 

water, supply, 99, 166, 190. 

of cut, of machine toob, 21a 

Felt, hair for covering pipes, &c., 1 1 2. 

Final pressure of steam, 20. 

Finishmg brass and gun metal, 239. 

— iron and steel, 239. 

iron castinp^s, 239, 320. 

Fire bars for boilers, 189. 

bridge of boilers, 165. 

■ box, 168. 

Firing boilers, 190. 

Fitter's work, price of, 218. 

Fittings for boilers, 165, 19a 

, steam, metal for, 231. 

Flanged seams for boilers, 164, 178. 



Flat sur&ces, staying, 165. 
Flexible paint, 32a 
Flitch plate girders, 264. 
Floors, to polish, 322. 

, to stain, 322. 

Flow of sewage in pipes, 1 1 1. 

of water, memoranda for, 1 10^ ill. 

of water in pipes, 109. 

of water in rivers and channels, 108, 

iia 

of water over weirs, 108. 



Flues for boilers, 163, 164, 176, 187. 
^— for boilers, collapsing pressure of, 179, 

181. 
Flux for brass, 323. 

for solders, 239. 

Fly-wheels, 15. 

Force, tractive of locomotive engines, jcx 

pumps, 94, 95. 

Forge tests for iron and steel plates, 26a 
Fossil meal covering for pipes, 1 1 2. 
Foundation bolts, m4. 

for gas engines, 87. 

for steam engines, weight of, 15. 

Foundry brass, memoranda, 228, 323. 

iron, memoranda, 226, 323. 

receipts, 323. 

Fractional pairts of a foot, 33a 

parts of a hundred weight, 332. 

parts of an inch, 329. 

parts of a millimetre, 375. 

parts of a pound avoirdupois, 331. 

Freezing, expansion of water in, 92. 

mixtures, 326. 

point of various liquids, 236. 

French horse-power, 382. 

measures and English equivalents, 376 

—381. 
pitch of screws, rules for cutting, aiS, 

225. 

polish for wood, 321. 

unit of heat, 382. 

unit of work, 382, 

weights, 382. 

words for English engineering terns, 

353—375. 
Friction of bearmgs, 139. 

of leather bells, 154, 156. 

, power absorbed by, 138. 

, resistance to, 138. 

of rope-belts, 127. 

of ropes in grooves, 127. 

of ropes on pulleys, 156. 

of shafts, 135. 

of water in pipes, 108, 109. 

-brake, the, 147, 148. 

Frictional gearing, 125. 

Fuel, combustion of, i6a 

, consumption of per indicated 

power, i6i. 

Fuels, 160, 161, 313. 

Furnace, air in, 165, 187. 

, brass, 228. 
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Furnace door, 165. 

mouth piece, 165. 

slag, composition of, 312. 

ventilation, 205. 

— , area of, for wood burning, 194. 
Furnaces, cement for, 319. 

temperature of, 236. 

Fusible alloys, 235, 236. 

plug alloys, 235. 

plug, directions for use of, 193. 

(^ ALLONS of water, per stroke of pumps, 

95- 
Galloway boiler, 168. 

tubes, 168, 169. 

Galvanized iron cisterns, usual sizes of, 294. 

iron sheets, 303. 

iron wire, 299. 

Galvanizing iron, 241. 

Gas, discharge, pressure, and power of, 208. 

coke, speafic gravity of, 272. 

engines, notes on, &( — 88. 

Httings and tubes, weight of, 285. 

fittings, brass, allov for, 232. 

pipe, weight of, 285. 

pipes, proportions of, 104, 254. 

threads, 253, 254. 

Gases, expansion of, by heat, 198. 

f weight of, 273. 

Gauge, B G, for sheets and hoop-iron, 

2^. 

of wood screws, 295. 

, Ae new stand, wire-gauge, 289, 331. 

, zinc, the, 302. 

Gearing, belt, 154, 155. 

for cranes, 123, 124. 

, frictional, 125. 

metal for, bronze, 232. 

metal for, iron, 227. 

rope, rules for, 125, 126, 127. 

rope, weight of, 126. 

steel, 127. 

, toothed wheel, 115—137. 

, toothed wheel, weight of, 127 — 137. 

for well frames, 94. 

Gibs and cotters, 14. 

Gilding metal, 232. 

brass and other metals, 243. 

Girders, box, wrought iron, 265. 

, cast iron, 267, 268. 

, riveted wrought iron, 269. 

, rolled wrought iron, 265, 266. 

, rules for, 264 — 269. 

, single web, 265. 

, tee, 265. 

, wood, with wrought iron flitch plate, 

264* 
Glands, 11. 
Glass, cements for, 314, 315. 

, composition of, 311. 

, to drill, 246. 

^— , strength of, 271. 
, to toughen, 324. 



Glass-cutters, sand for polishing metal5,239. 

, weight of, 303. 

Gold coin, weight of, 347, 386. 

coins, alloy for, 386, 

, imitation, 233. 

, solders for, 238. 

, standard, 233. 

Goods, locomotive engines, 32. 

, sent on sale or return, 344. 

, sold, notes on, 344. 

Governor arms, 17. 

balls, 17. 

for gas engines, 88. 

for steam engines, 16—19. 

Governors, centrinigal force of, 16. 

, centripetal force of, 16. 

, cross-armed, 18. 

, ordinary, 16. 

, pullevs for, 18. 

, speed of, 17, 19. 

, spring, 18, 

, weighted, 18, 19. 

Grain-tin, 387. 

Grate bars, size and weight of, 189. 

surface required for wood burning, 

194. 
Gravers, to harden, 247. 
Gravity, resistance due to, 30. 

, rules for, 334, 335. 

Grease, antifriction, 324. 

axle, 324. 

for toothed wheels, 324. 

Great Eastern Railway, express locomotive, 

48. 
Western Railway, express locomotive, 

73. 
Green varnish for metals, 322. 
Grindstones, speed of, 213. 
Grooves, friction of ropes in, 127. 
Guns, bore of, 302. 

, power of shot, 339. 

, testing, 339, 340. 

, velocity of shot, 335. 

Gun-metal casting, 228. 

metal, various mixtures of, 228 — ^233. 

metal, weight of, 229, 291, 292. 

Gusset stays, for boilers, 163. 
Gutta percha, cement for, 314. 

pircha, specific gravity of, 272. 

Gyration, radius of, &c., 120. 



"LJALF-CIRCLES of cast-iron, weight 
'■•■'• of, 299. 
Hand pumps, 93. 

working taps, 251. 

Hardening alloy, 234. 

metals, 244 — 250. 

cast-iron, 244. 

chisels, 246, 247. 

cutters, 249. 

drills, 245, 247- 

gravers, 247. 

hammers, 246. 
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Haidening processes, 244 — 250. 

rhymers, 249. 

springs, 247. 

steel plates in oil, effect of, 271. 

taps, 249. 

toob, 246. 

Head of water, loss of, due to friction, 108, 

109. 

of water, pressure of, 105. 

Heat, absorption of, 199. 

cement to resist, 318. 

-conducting power of metals, 198. 

effect of, on water, 159. 

expansion of g[ases by, 198. 

expansion of liquids uy, 198. 

of furnaces, 230. 

melting, 236. 

radiation of, 199. 

reflection of, 199. 

smelting, 208, 236. 

specific, of solids and liquids, 197. 

transmitted through plates, 20a 

welding of iron, 236. 

Heating buildings and rooms by hot water, 

201 — 204. 
— — buildings and rooms by steam, 

203. 

feed water, 166. 

surface of boilers, 167. 

water, 159, 

Hematite iron, mixtures of, 227. 
Hexagon nuts, Whitworth sise, 285. 
Hemp ropes, 262, 264. 

ropes for rope gearing, 126. 

High speed engines, 10. 
Hire of engines, 143. 

of steam power and shafting, 143. 

Hollow beams, 267. 

columns and pillars, 279. 

shafts, 14a 

Homogeneous metal, loi, 240 
Hoop gauge, B G, 2)89. 
Hoop iron, weight of, 288. 
Hoops, length of bar to make, 292. 

length of angle iron to make, 292. 

Horse labour, 5. 
Horse-power, 4. 

actual, 4. 

nominal, 4. 

absorbed by friction, 138. 

of belts, 155. 
m 



of bevel wheels, 122. 

of centrifugal pumps, 96. 

of Cornish boilers, 166. 

of crank shafts, 141. 

of egg>ended boilers, 166. 

of engines, 4. 

of compound engines, 22. 

of locomotive engines, 31. 

of fans, 213. 

of fisictory chimneys, 187. 

French, 382. 

of gearing, 123, 127— 137. 



Horse-power, of Lancashire boileiSi i66l 

of mitre wheels, 122. 

of mortice wheels, 123. 

of pumps, 95. 

of rope gearing, 126. 

of shafts, 141, 142. 

of spur wheels, 123, 127. 

of toothed wheels, 123. 

of vertical boilers, 167. 

of water wheels, 107. 

required for wood working machinexy, 

212. 
Horses, power of, 5. 

pulling force of, 5. 

space for in stables, 204. 

tested performances of, 383, 38$. 

weight of, 5. 

Hospitals, space for beds in, 205. 

ventilation, 204. 

warming, 202. 

Hot blast for melting iron, temperatme d^ 

236. 
Hot-water, heating by, 200—204. 

boiler, 203. 

pipes, 201, 202. 

pipes, cooling of, 202. 

pipes, length of, required to beat 

vanous buildings, 202. 
pumps, 94. 



Hydraulic cylinders, 1 11. 

mean depth, 108. 

memoranda, 91, 1 10. 

pipes, 254. 

press cylinders, strength of, iii. 

press. III. 

pressure, 112. 

pressure for railway wheels, 41 — 63. 

rams, 96, 97 

rules, 91—93- 

Hydrogen gas, weight of, 273. 
Hyperbolic logarithms, 21. 

TC£, bearing power of, 92. 

•^ Ice, weight of, 91, 92. 

Imitation gold, 233 

platinum, 235. 

silver, 235 

Imperial standard wire-gauge, 331. 

standard wire-gauge, weight of a 

square foot of metals to — viz. of sheet- 
iron, sheet-copper, brass, gun-naetal, 
Bessemer steel, rolled sted — white 
metal, zinc, lead, 289, 290, 291. 

— standard wire-gauge, weight of wire 
to, 293. 

Impressions, alloy for taking, 235. 

composition for taking, 323. 

Inclination and weight of roofe, 329. 

of drains, pipes, sewers, and rivers, 109^ 

Incrustation in steam trailers, 189. 

India-rubber, cement for, 316. 

, weight of, 272. 

belting, 156. 
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Indicator, 23. 

diagrams, 23 — 29. 

Initial pressure of steam, 20. 
Injection pipe, 15. 

water, 16. 

Injectors for feeding boilers, I06. 

Inside lap, 9t n* 

Insolvency, 344— 345- 

Instructions to boiler attendants, 190. 

InsuflScient lap, 9- ^ ^ , - , 

Interest for any number of days, to Imd, 

388. 

table, 388. 

Internal flue tube of boilers, 163. 
Iron cables and chains, 263, 264. 
Iron, Cast-, balls, 295. 

. beams, 264. 

bolts, 283, 284. 

' brands of, 226. 

chilled, 227. 

circular plates of, 300. 

columns, 279. 

cylinders, 297, 298. 

fire bars, 189. 

gearing, 115— 1 37* 

___ ^— girders, 267, 268. 

half circles of, 299. 

, mixtures of meUl for, 227. 

...... pans, 296. 

~— pig, 226. 

pillars, 279. 

pipes, loi — 105. 

plates, 292, 300. 

pulleys for belts, 153. 

pulleys for ropes, 126. 

square foot of, 292. 

square plates of, 300. 

strength of, 226, 270. 

to harden, 244. 

to soften, 245. 

test for, 226. 

Iron, Cast-, cables, 263. 

~— chains, 262. 

. circular plates, 282. 

gaJvanired, 241, 286, 303. 

, girders, 264. 

rivets, 280, 303. 

sheets, 282, 289. 

tee, 281. 

tubes, 174, 176, 254, 285. 

wire, 270, 288, 293. 

wire rope, 263. 

eflFect of reheating and rolling, 

! loss of strength of, at high 

temperature, 261. 
Iron castings, metals for, 227. 

castings, rules for the weight of, 275. 

annealing, 244, 245. 

blueixig, 240. 

bronzing, 242. 

cements for, 319. 

colouring, 240. 



Iron castings, galvanizing, 241. 

hardening, 244. 

japanning, 240. 

lacquer, 241. 

malleable cast, 245. 

painting, 320. 

softening, 244, 245. 

tinning, 241. 

^— zincmg, 241 

strength of, sa Strength. 

, sheet and hoop gauge B G, 289. 

wire gauge, new standard, 289, 293, 
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-, Wrought-, viz., angle, 281. 
-bar, 287, 



I. O. U., 344, 

JAPANNING metals, 240. 
•^ Jewellers* cements, 318. 
Jewellers' metal, 232. 

solders, 238. 

Joints, cements for, 319. 

riveted, 176, 177, 178, 280, 281. 

riveted, strength of, 176—178, 281. 

with pin, 284. 

Joists, rolled wrought-iron, 265, 266. 
oumals, friction of, 138, 139. 

comers of, 143. 

metal for bearings of, 229—235. 

pressure on, 143. 

of water wheels, rule for size of, 107. 

Joy*s valve-gear, 78, 

TZEYS for wheels, 148. 
•*•*■ Knuckle gear, 117, 

T ACQUERS for brass work, 243. 

•'-' for iron work, 241. 

Lancashire boilers, rules and data for, 
160—169. 

^— boilers, contents of, 168. 

boiler, horse-power of, 166. 

boilers, proportions and weight of, 

169. 

rules for weight of, 174. 

— and Yorkshire Railway, goods loco- 
motive engine, specification of, 32. 

Lap alloy, 232. 

of valve, 9, 1 1. 

— of valve, to cut off steam at a given 
point, 21. 

— welded boiler shelb, weight of, 175. 
welded boiler tubes, weight of^ 176. 



Latent heat, 6. 

heat of liquefaction, 198. 

Lathe centres, 210. 

, change wheels, 219 — ^225. 

, speed of cut, 210. 

, screwcutting, 215, 225. 

, speed for turning, 209. 

, tool angles, 2io. 

Lathes, work done by, 211. 
Lathe- work, price of, 218. 
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Law, notes on, 343— 34S- 

of PiKtcnts, 340—342. 

Lead, alloys oi; 234, 235. 

ban, weight of, 301- 

, notes on, 387. 

pipes* composition, 286. 

pipes, strength of, 294. 

pipes, weight of, 294, 295. 

required for pipe joints, 296. 

, sheet, strength of, 271. 

sheet, weight of, 291, 303. 

Lead of Talve, 9. 
Leaky pistons auid valves, 7. 
Leather, cements for, 316, 318. 
belts, cements for, 319. 

— belts, dressing for, 325. 

belts, hoisc-power of, 155. 

belts, rules for, 155. 

— belting, strei^h and weight of, 155. 
Left hand screw-threads, 222. 

Legal memoranda, 343 — ^345. 
Length of boilers, 162. 

— of stroke of engines, I X. 

of stroke of pumps, 96. 

Lift of centrifugal pumps, 96. 

of hydraulic rams, 97. 

of pumps, 93. 

of safety- vadve, l84- 

Lightnii^ conductors, 188. 

limits of velocity in rivers, &c., 1 10. 

Line of back pressure in diagrams, 25, 27. 

Linen belting, 156. 

Links of chains, proportions of, 264. 

Liquids, expansion of by heat, 198. 

specific gravity of, 273. 

weight of, 273, 305. 

List of French words for English engineer- 
ing terms, 353—375- 
^— of chemical and mineral substances, 

3I0.3". 
of minerals, 309, 31a 

of woods, and their uses, 306. 

Liquefaction, latent heat of, 198. 

Load to be overcome in pump barrels, 98. 

Locomotive engines, adhesive power of, 29, 

, compound, 7a 

goods engines, 32. 

engine specifications, 32 — 83. 

Locomotives, effective pressure of steam in, 

30. 
, power of, 30, 31. 

- — , resistance on rails, 30. 

express passenger engines, 48, 51, 73, 

77» 79. 

, weight of, 51, 71, 77, 83. 

Logarithms, hyperbolic, 21. 

London, Brighton, and South Coast Rail- 
way express locomotive engine, 79. 

1 Chatham, and Dover Railway express 

locomotive engine, 51. 

Longitudinal expansion of internal flue 
tube, 164. 



Loogitodinal seams of internal fine tubes, 

stay-bolts of bmlers, 163. 

strain on boiler shells, 162. 

LostbUls, 343. 

Lowest absolute terminal pressore, 8. 

Lubricating antifriction compounds, 324. 

wood-teeth of mortice wheels, 119. 

Lubrication, 138. 

IITACHINE - MOULDED toothed- 
^^^ wheels, 127. 
Machine tool work, 211. 

tool work, cost of, 218. 

Machined work, cost of, 218. 
Machinery, depreciation of, 336^ 

, oils and grease, 138, 324. 

, painting, 32a 

Malleable cast iron, 245. 
Malleability of metals, 237. 
Manhole of boilers, 164. 
Marble, to clean and whiten, 326. 
Blaterials, strength of, loi, X02, 123, 155, 

15^ 177. 178, 226, 229, 230^ 259, aTo^ 

271, 279, 284, 293, 294. 
Mean aimual rainfall, 39a 

effective pressure of steam, ztx, 

pressure of steam, 2a 

temperature of air, 389. 

Measures, French, 375 — ^382. 
Measuring patterns, 276. 

timber, 308. 

Megassfnel, 161. 

Melting point of metals, 236 

Memoranda, hydraulic, 91, 1 10. 

f legal, 343-345- 

, foundry, 226, 228^ 323. 

Men, power of, 5. 

, tested performances o( 383. 

Mercury, column of, 338. 

, melting and boiling points of, 236L 

Metal, anticorrosive, 232. 

, antifriction, 234, 23^ 

for anvils, 227. 

for bearings, 229—235. 

for bells, 233. 

for brass boiler tubes, 231. 

for brass bolts, 231, 232. 

for brass and bronze castings, special 

mixtures of, 229 — 233. 

for bushes, 229 — 235. 

for chilled rolls, 227. 

for cocks and vidves, 231, 232. 

for cylinders, 227. 

for jewellers, 232. 

,special mixtures of,for iron castings, 27. 

Metals, white, 234, 235. 

— , blueing and bronzing, 24iO'-242. 

, colouring, 240 — 242. 

, conducing power of, for heat »«*! 

electricity, 198, 256. 



-, cuttm^ 209. 

- dissolving, 242, 386. 
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Metals for glands^ 231 

, French weights of, 382. 

, japanning, 240. 

, lacquering, 241, 243. 

, pohshing, 239. 

, (qualities of, 386, 387 

, silvering, 243, 

, loss of strength of, by heat, 237, 261. 

, weight of a square foot of various, 

292 



, weight of a square foot of various, 
to the new imperial standard wire gauge, 
289, 290, 291. 

Metre, French, 381. 

Metrical measures, 375 — 382. 

—;— weights, 378. 

Midland Railway express locomotive 
engine, 77, 78. 

Millimetre, sizes of wire, weight to, 293. 

, pitches of screws, 218. 

pitches, change wheels for, 225. 

Millimetres, French, 375 — 381. 

Milling machine cutters, speed of, 209 

machined work, cost of, 218. 

Mill gearing, 115—137. 

Mill work, 115— 156. 

Mill-race, no. 

Minerals, list of, 309. 

Mineral substances, list of, 310 — 312. 

Mines, ventilation of, 205. 

Mitre wheels, 116, 127. 

Modelling-clay, 323. 

wax, 323. 

Modulus of machines, 3. 

Moire metal, 244. 

Momentum, balancing, 10. 

Mortar, 352. 

Mortice-wheels, 118, 123, 127. 

Mouthpiece of boiler furnaces, 165. 

Mudholes of boilers, 165. 

Muff couplings, 145, 146. 

Mules, power of, 5. 

Muntz metal, 230. 

"MAVAL brass, 232. 
"^^ Necks of shafts, 143. 

, comers of, 143. 

New patent law, 340 — 342. 

imperial standard wire guage, 289, 

SSI- 



imperial standard wire ^uge, weight 
of a square of metals to— viz. : of sheet- 
iron, sheet-copper, sheet-brass, Bessemer 
steel, rolled steel, gun metal, white 
metal, zinc, lead, 289, 290, 291. 

imperial standard wire gauge, weight 

of wire to, 293. 

— sheet-iron and hoop-iron gauge, 289. 

Nickel, various alloys of, 235. 

Nitrogen, 160, 273. 

Nominal horse-power, 4. 

horse-power of boilers, 166, 167. 

horse-power of crank-shafts, 141. 



Nominal horse-power of engines, 4. 

horse-power of leather belts, 155. 

horse-power of pumps, 95. 

Non-conducting material for clothing 

steam-cylinders, 326. 
-conducting material for clothing 

pipes, 112. 
conducting material for covering 

steam-boilers, 318. 

-conducting material for covering 



pipes, 112. 
Nuts, lock, 284. 

, rusted, to remove, 324. 

, Whitworth's standard size, 285. 

/^ILS and grease for machinery, 138, 

^^ 324. 

Oil to refine, 325. 

Oil paints, 320. 

less bearings, composition for, 324. 

varnishes, 320. 

Oils, weight of, 305. 

Old brass, to melt, 229. 

Open streams, flow of water in, loS. 

Organ pipes, metal for, 235. 

Orifices, flow of water through, 107. 

Ormolu, 230. 

Outside lap, 9, n. 

Overshot waterwheels, 106, 

waterwheels, horse-power of, 107. 

Oxygen, 160. 

PACKING paper, to waterproof, 325. 
■*• Paddle water-wheel, 106. 
Paint for blackboards, 320. 

, flexible, 320. 

to prevent dry rot, 320. 

for wire, 320. 

, old, to remove, 321. 

Painting iron- work, 320. 

machinery, 320. 

Paper, sizes of, 334. 

, varnish for, 322. 

Passenger locomotive engines, 48, 51, 70, 

73» 77f 79. 
Patent law, the new, 340—342. 

Patents, cost of obtaining, 342. 

Patterns, measuring, 276. 

Pattern-makers* varnish, 322. 

Peat, evaporative power of, 161. 

, heat, bulk, weight, and composition 

of, 31?- 
Penetrating power of shot and shell, 339, 

340. 
Percentage of carbon in steel, 248. 
Perforata baffle plate for boiler fronts, 165. 

pipe for feeding boilers, 166. 

Perforations in slide valves, alloy for 

filling, 234. 
Performance of men and animals, 5, 383, 

385. 
Phosphor bronze, loi, 230, 270. 

V D 



402 



INDEX. 



Pig iron, brands of, 226. 

mixtures of, 227. 

stowage of, 305. 

Pillars, hollow, 279. 

solid, 279. 

rules for strength and weight of, 279. 

Pipe bends, eflfecl of, 109. 

coverings, 1 1 2, 318. 

Pipes, brass, 296. 

, expansion of, 204. 

for gas, 104, 254. 

for hot water, 201, 202. 

hydraulic, 254, 

pressure in, 105. 

for steam, loi, 104. 

for water, 102, 103, 109. 

Pipes of various metals, rules for, loi. 

bursting pressure of, loi, 102. 

contents of, 93, 105. 

cast iron, proportions and weight of, 

102 — 104. 

cast iron testing, 102. 

copper, 296. 

delivery of pumps, 94. 

exhaust, 10. 

injection, 15. 

lead, 294, 295. 

steam, loi, 104. 

suction of pumps, 94. 

wrought iron, 174, 176, 254, 285. 

Piston, II. 

leaky, 7. 

rings, II. 

rings, alloys for, 1 1, 231. 

rod, II. 

speed, 9, 29, 31. 

Pitch of rivets in boilers, 280. 

of rivets in ^ders, 269. 

of spiral spnngs, 186. 

of wheel gearing, 116, 119. 

Planing machines, feed of cut, 2ia 

machines for wood, speed of, 212. 

work, 211 ; cost of, 218. 

Plates, strength of, see Tensile and Com- 
pressive strength. 

brass and copper, weight of, 290, 292. 

cast iron, weight of, 292, 300. 

of steel, 260, 261, 282, 291, 292. 

tin, 292, 302. 

of various metals, weight of, 292. 

wrought iron, weijght of, 282, 289. 

Platinum, specific gravity of, 272. 

Plumbago, crucibles, 323. 

lubricants, 324. 

Plummer blocks, proportions and weight 
of, 143, 149- 

Point of compression of steam, 28. 

of cut-off of steam, 20, 21, 26. 

Polishing metals, 239. 

Poncelet s water-wheel, 107. 

Port, exhaust, 10. 

steam, 10, 

Portable-engines, hire of, 143. 



Portable engine boilers, proportknis and 

weight of, 172. 

engine boilers, rule for we^t €^174. 

Position of feed in boilers, 166. 

Pot-metal, 232. 

Power absorbed by friction, 138. 

of belts, 154, 155. 

of boilers, 167. 

of crane gearing, 123. 

of crank shafts, 141, 143. 

of engines, 4. 

of factory chimneys, 187. 

of frictional gearing, 125. 

of fuels, 161, 313. 

of gas, 208. 

of gearing, 122, 123, 127. 

of governors, 1 7. 

of guns, 339, 340. 

of horses, 5, 383. 

and weight of men and animals 4- 

of pumps, 9 J. 

of rope geanng, 126. 

of shafts of wrought iron, cast iroo, 

and steel, 142. 

of shot and shell, 339, 34itx 

of water, 106. 

of water-wheels, 107. 

of wheel gearing, 122, 123. 

of wind on railway structures, 206^ 207. 

of Mond on roofs, 207. 

of wire-rope gearing, 156. 

Press, hydraulic,* ill. 

Pressure, hydraulic, for railway wheels, 41, 

63-. . 
in pipes, 105. 

of gas, 208. 

on necks of shafts, 143. 

of steam, 20. 

of water, 92, 105. 

of wind, 206, 207, 384. 

Prevention of scale in steam boilers, 1891 

Price of drilled work, 218. 

of fitter's work, 218. 

of hired steam-power, 143. 

of lathe work, 218. 

of machined work, 218. 

of planing work, 218. 

of turning work, 218. 

, selling, of goods, 388. 

Production and conversion of steel, 25CX 

Profit and discount table, 388. 

Properties of saturated steam, 337, 33S. 

of air, 389. 

Pulleys, cementing leather on, 319. 

, for belts, 150 — 154. 

for rope gearing, 126. 

for rope gearing, weight of, 126. 

weight o? 153. 

with curved arms, 161. 

with straight arms, 151, 152. 

, wood, friction on, 1 56. 

, wood, to harden, 3»6. 

Pulling force of animals, 5. 
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Pump suction and delivery pipes, 94. 

well-frames, 94. 

barrels, load to be overcome in, 98. 

Pumping engines, speed of, 97. 
Pumps, 93— 100. 

air vessel for, 95. 

capacity of, 95. 

centrifugal, go. 

dbcharge of, 95, 99, 100. 

diameter of, g6, 

effective work of, 96. 

force-, 94. 

for hand-power, 93. 

lifting, 93. 

load on, 93, 94, 98. 

gallons of water delivered by, 95, 99, 

100. 

horse-power of, 95. 

for hot water, 94. 

with single, double, and treble 



barrels, 99. 

resistance of, 94, 95. 

rules and data, 93 — 100. 

speed of, 97, 

Punch, compressive strength of a, 33J. 
Punching iron plates, loss of strength by, 

power required for various metals, 331. 

QUALITIES of metals, 386, 387. 
of metals, tests for, 246, 386, 388. 

of timber, 307, 308. 

Quantity of lead required for joints of 
socket-pipes, 296. 

of solder required for pipe-joints, 294. 

of water delivered by pipes, 108. 

of water delivered by pumps, 95, 99, 

100. 



of work turned out by machine-tools, 

211. 
Queen's metal, 235. 

"D ADIATION of Heat, 199, 
^ Rails, resistance on, 5, 30. 

super-elevation of the outer rail on 

railway curves, 83, 84. 
Railway curves, 83, 84. 

structures, pressure of wind on, 206, 

207. 

wagons, 83. 



Rainfall, mean annual, 390. 
Ram, hydraulic, 96, 97. 

of pump, 95, 

Ratio ofexpansion, 8, 20. 
Razor steel, 248. 

paste, 32i5. 

Receipts, cements, 314 — 319. 

paints, varnishes, &c., 320 — 322. 

workshop, 323 — 326. 

Reflection of heat, 199. 
Relative volume of steam, 20. 
Resistance to bursting, loi, 102, iii, 179, 
180, 294. 



Resistance to collapsing, 179, 181. 

to compression, 226, 259, 267, 270, 

271, 279. 

to friction, 138. 

of locomotive engines on rails, 30. 

of vehicles on roads, 5. 

of pumps, 94, 98. 

to tearing, 177. 

to tension, xoi, 102, iii, 155, 156, 

176, 226, 229, 230, 259, 260, 262, 263, 

264, 267, 270, 271, 284, 293. 

to traction, 5, 30. 

of trains, 30. 

of weights to dragging, 5, 

Return tube boilers, 173. 
Rhjnners, proportion of, 253. 

to harden, 249. 

Richards' indicator, 23. 

Rifled guns, power of, 339, 340. 

Riggers, proportions of, 152. 

rules for, 150. 

weight of 153. 

Rim of pulley, to strengthen, 154. 

of wheels, 116. 

Rivers, flow of, 108. 

Riveted joints, 176, 177, 178, 280, 281. 

girders, 269. 

— — seams, 176, 177, 178, 280, 281. 
Rivets, brass, alloy for, 232. 

copper, alloy for, 232 

copper, weight of, 303. 

iron, weight of, 303. 

proportions of, 280. 

pitch of, for boilers, 280. 

pitch of, for girders, 269. 

tests for, 261. 

Roads, resistance to traction on, 5. 
Rolled brass, 230, 290. 

copper, weight of, 290. 

iron, weight of, 282, 287, 288, 289. 

lead, weight of, 291, 303. 

steel, weight of, 282, 291. 

white metal, 291. 

zinc, weight of, 291, 302. 

joists, 265. 



Rolls, chilled metal for, 227. 

, turning, 211. 

Roofs, inclination and weight of, 329. 
Roofing, sheet-iron for, 286, 329. 
Rope-Mts, 127. 

gearing, 125, 126. 

, horse-power of, 126. 

, weight of pulleys for, 126. 

Ropes, 262 — 2£^. 

for rope-gearing, 126. 

friction of, on pulleys, 156. 

friction of, in grooves, 127. 

Rust, metal that will not rust, 232. 

compounds for preserving metals from, 

324. . 

joint, cement, 319. 



Rusted nuts, to remove, 324, 
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CAFE tortional strength of shafts, 139. 
*^ Safety, factors of, 179, 180, 182, 207, 

259, 260, 264, 265, 284. 
Safety-valves, 182 — 185. 

valve springs, 185, 186. 

Salt water, 92, 194. 

Sand for polishing metals, 239. 

Saturated steam, i6a 

Saw benches, 212. 

Sa^-s, band, 212. 

circular, 212. 

for cutting metal, 210. 

Scale in boilers, 189. 
Screws and bolts, 255, 283. 

for wood, 295. 

Screw-cutting, millimetre pitches, 218, 225. 

change wheels for, 219 — 225. 

rules for, 215 — 218. 

Screwing bolts, 211. 

tackle, 251, 252. 

Sea water, composition of, 194. 

weietit of, 92. 

Selling price otgoods, to find the, 388 
Setting boilers, 165. 
Sewage, flow of, iii. 

pipes, discharge of, 1 1 1. 

weight of, 91. 

Sewers, egg-shaped, area of, 333. 

inclination of, 109 

Shafis for cranes, 141. 

crank, 11, 141, 144. 

crank, horse-power of, 141, 143. 

bearing metal for, 229 — 235. 

friction of, 138. 

hollow, strength of, 140. 

horse power of cast iron — wrought 

iron and steel, 142. 

lifting heavy weights, 141. 

strain on, 139, 141. 

Shafting, torsional strength of, 139. 

collars for, 144. 

couplings for 143, 145, 146, 147. 

distance between the bearings of, 

142, 144. 

, speed of, 143. 

weight of, 144. 



Shearing, iron, 335. 
Sheet-brass, 290, 292 

copper, 290, 292 

^uge, B.G., 289. 

iron, 282, 286, 289. 

iron, galvanized, 303 

glass, 303. 

lead, 291, 303. 

steel, 282, 291. 

tin, 292, 302. 

line, 291, 292, 302. 

Shell of boilers, 161, 175. 

for guns, power of, 339, 340. 

Ship plates, strength of, 259. 

plates, test for, 260. 

Shortness of water in boilers, 191. 
Shot, power of, 339, 340. 



Silver coins, weight of, 347. 

, alloy for, 386. 

German, 235. 

imitation, 235. 

, notes on, 386. 

solders, 238. 

Silvering metals, 243. 

Size of bore of guns, 302. 

Sizes and weights of tin plates, 302. 

Slag, composition of, 312. 

Slide bars, 13, 14. 

block, 13. 

valve, alloy for filling perforations in, 

234. 
valve, lap of, 9, 11, 21. 

valve, lead of, 9, 11. 

valve, metal for, 231. 

Slot drilling work, 211. 

Slotting work, 211. 

Small wheels, weight of, 299. 

Smelting, cupola, 208. 

heat, 236. 

Snow, bulk and weight of, 92, 329. 

mixtures of, for freezdng, 326. 

Socket pipes, 102, 103. 

Softening metals, 245. 

Solder for aluminium, 238. 

Solders for brass, 238. 

for bronze, 238. 

for copper, 238. 

for gold, 238. 

for iron, 238. 

for lead, 237. 

for silver, 238. 

for steel, 238. 

for tin, 237. 

Solder, quantity of for pipe joints, 294. 

Sovereigns, alloy for, and weight of, &.c.. 

Space per head in dwelling houses, 204. 

for beds in hospitak, 204. 

required for animals, 205. 

Specific gravity, 272, 273. 

heat, 197. 

Specifications for locomotive express 
engines, 48, 5" • 7o, 73t 77. 79- 

for locomotive goods engines, 32. 

Speed of circular saws, 212. 

of conveyances, 385. 

for cutting metals, 209. 

of engines, 9. 

of gearing, 121. 

of governors, 17, 19. 

of grindstones, 213. 

of lathe work, 209 

of piston, 9, 29, 31. 

— of pulleys, rules for, 150. 

of pumps, 97. 

of rope gearing, 1 26. 

of saws for metals, 210. 

of saws for wood, 212, 

of shafting, 143. 

of steamships, 385. 
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Speed of water-wheels, 106. 

of wheel gearing, 121. 

of wood-working machinery, 212. 

Sphere, hollow, strength of, 166. 

Spherical shell, strength of, 179. 

Spiral springs, rules for, 185, 186. 

Spring governor, 18. 

Springs, laminated for locomotives and 
railway carriages, &c., 186, 187. 

for safety ^ves, 185, 186. 

compression of, 186. 

extension of, 186. 

hardening, 247. 

plate, 186, 187. 

spiral, 185, 186. 

strength of, 185, 186. 

tempering, 247. 

Spur-wheels, proportions of, 116. 

wheels, we%ht of, 127 — 137. 

wheels, small, weight of, 299. 

Square cast-iron plates, 30a 

foot of metals, weight of, to the new 

imperial standard wire gauge, viz. : 
sheet-iron, sheet-copper, brass, Bessemer 
steel, roUed steel, gun metal, white 
metal, zinc, lead, 289, 290, 291. 

foot of planed and turned work, cost 



of a, 218. 

Square foot of various metals, weight of, 292. 
Stables, space in, 204. 
Stains for wood, 322. 
Staining floors, 322. 
Statuary bronze, 229, 232. 
Stays for boilers, 163, 165. 

centres of, 166. 

Staying flat surfaces, 165, 166. 
Steam, $, 20, 159, 160, 337, 338. 

compression of, 7, 28. 

cylinders, 10, loi. 

cylinders, strength of, loi. 

elastic force of, 1 59. 

exhaust, 7, 27. 

expansion of, 8, 24, 26, 160. 

expansive force of, 1 59. 

heating rooms by, 203. 

jacket, 8. 

joints, cements for, 319. 

line of diagrams, 26. 



pipes, 
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pipes, covering for, 112. 

ports, 10 

power, hire of, 143. 

pressure, 20. 

quantity used by engines, 20. 

temperature, weight and relative 

volume of, 337, 338. 
Steel bars, 287, 288. 

, Bessemer, loi, 250, 260, 291. 

blister, 250. 

boiler plates, 260, 282, 291. 

cast, 250. 

castings, 127. 

plates, 260, 282, 291, 



Steel, production and conversion of, 250. 

strength of, 260, 270. 

used in place of iron, thickness of, 

261. 

wheels, 122, 127. 

wire, 270, 288, 

wire ropes, 262. 



Sterro-metal, 322. 

Stone, bulk of, 305. 

specific gravity and weight of, 272, 

273. 
Stowage capacity of various substances, 

304, 305. 
Strain on boiler shells, 162. 

on bolts, 284. 

on gearing, 123, 124. 

at pitch line of wheels, 124. 

on ropes and chains, 262 — 264. 

on shafts and shafting, 139. 

breaking. See Tensile strength and 

Compression. 
Straw as fuel, 161, 313. 

, bulk of, 304. 

covering for pipes, 112. 

Strength of aluminium bronze, 270. 

of angle and tee iron, 270. 

of antimony, 271. 

of apple-tree, 271. 

of ash, 271. 

of beams, 264 — 269. 

of beech, 271. 

of belting, 155, 156. 

of Bessemer steel, 260, 271. 

of bismuth, 271. 

of blister steel, 270. 

of boilers, 179 — 182. 

of boiler plates, iron, 176, 259, 270. 

of boiler plates, 260, 27a 

of bolts, 284. 

of boxwood, 271. 

of brass, 229, 270. 

of brass tubes, 270. 

of brass wire, 230, 270. 

of bricks, 271, 

of bronze, 229, 230, 270. 

of cast-iron, loi, 102, 226, 270. 

of cast-iron pii>es, loi, 102, iii. 

of cast steel, 127, 270. 

of circular flue tubes of boilers, 179, 

181. 

of cobalt, 270. 

of columns, hollow, 279. 

of columns, solid, 279. 

of compressed bronze, 230. 

of copper, 229, 270. 

of copper pipes, 10 1. 

of copper wire, 270. 

of cotton belting, 155, 271. 

of crane gearing, 123. 

of crane shafts, 141. 

of crank shafts, 141, 143. 

of cylinders, hydraulic, iii. 

of cylinders and pipes for steam, loi, 
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Strength of qrlinders and pipes for water, 

lOI, 102. 

of cylinders and pipes of various 

metals, loi. 

of ebony, 271. 

of elliptical flue tubes of boilers, 179. 

of flat surfaces in boilers, 165, 166. 

of furnace tubes, 179, 181. 

of gearing, 122, 123, 124, 127. 

of girders, 264 — 269. 

of glass, 271. 

of granite, 271. 

of gun-metal, 229, 270. 

of gun-metal wheels, 122, 

of hemp, 271. 

of hemp ropes, 262, 264. 

of hbllow beams, 267. 

of hollow columns, 279. 

of a hollow sphere, 166, 179. 

of hollow shafts, 140. 

of homogeneous metal, 270. 

of hoop-iron, 270. 

of hornbeam, 271. 

of hydraulic cylinders and pipes, 1 1 1. 

of ice, 92, 

of iron. See Strength of cast-iron and 

Strength of wrought-iron. 

of iron boiler-plates, 176, 259. 

of iron wire, 270, 293. 

of joints, riveted, 176—178, 281. 

of joists, rolled, 265. 

of lance- wood, 271. 

of lead, 271. 

of lead pipes, 294. 

of leather, 1 55. 

of leather-belts, 155, 271. 

of lignum vitse, 271. 

of lime-tree, 271. 

of Lowmoor iron, 259, 270. 

of mahogany, 271. 

of malleable cast-iron, 270. 

of malleable cast-iron wheels, 122. 

of materials, various, 270, 271. 

of men and animals, 5, 383. 

of Muntz metal, 230. 

of nickel, 270. 

. of oak, 271. 

of Palladium wire, 270. 

of phosphor bronze, loi, 230, 270. 

. of pillars, 279. 

- of pipes, cast-iron, loi, 102, in. 

. of pipes of various metals, 1 01. 

of rails, 270. 

of riveted joints and seams, 1 70 — 

178, 281. 

. of rolled joists and girders, 265. 

of ropes, 262—264. 

, . of rope-belts, 126. 

of saw blades, band, 212. 

of shafts and shafting, 139 — 144. 

. ^ of shafts, crane, 141. 

. of shafts, crank, 141, 144. 

^ — of shaftsy hollow, 140. 



Strength of shear-steel, 27a 

of shell of boilers, 179— i8a 

of ship plates, 259. 

of Sihaum bronze, 230. 

of solder, 270. 

of spherical shell, 166, 179. 

of springs, laminated, 186, 187. 

of springs, spiral, 185, 186. 

of spring steel, 27a 

of steel, 260, 27a 

of steel boiler-plates, 260, 27a 

of steel-castings, 127. 

of steel-gearing, 122, 127. 

of steel-tyres, 270. 

of sterro-metal, 229, 270. 

of stone, 271. 

of tin, 271. 

of tyres, 270. 

of various metals and materials, 27a 

of walnut, 271. 

of wheel-gearing, 122, 123, 124, 127. 

of wire, 270, 293. 

of wood, 271. 

of wood beams and girders, 264. 

of wrought-iron, loi, 176, 259, 

270. 

of >\Tought-iron wheel gearing, 122. 

of zinC) 270. 

Strengthening rings for boiler flue tubes, 

164, 178. 

ring for dome plate, 167. 

rims of pulleys, 154. 

Stroke, length of, of engines, 11. 

length of, of pumps, 96. 

Stuffing box, ii. 

Suction pipe of pumps, 94. 

Super-elevation of the outer rail on railwaj 

curves, 83, 84. 
Super-heated steam, 160. 
Surfacing metal work, 211. 

'T'ACKLE, screwing, 251, 252. 
•*• Taps, engineer's hand-working, Whit- 
worth thread, 251, 252. 
Taps, gas thread, 253. 

for screwing machines, 252, 

for watch makers and instrament 

makers, Whitworth*s standard sixc, 
256. 

for hydraulic and water pipes, Wlut- 



worth's standard size, 254. 
to harden and temper, 249. 



Tapping-nuts, 211. 

Tar paint for iron work, 320. 

Tarpaulin, dressing for, 325. 

Tarred ropes, 262. 

Tearing of boiler plates, modes o( 176, 

Tee iron, strength of, 270, 

weight of, 281. 

Teeth of wheels, easy method of fonmi^ 

116, 117. 
of wheels, breaking strain of, 123, 
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Teeth, of wheels, strain Jat pitch line of, 

124. 

of crab wheels, 1 16. 

wood, of mortice wheels, 118. 

of frictional gearing, 125, 

of worm wheels, 119. 

Temperature of furnaces, 236. 

of the hot blast for melting iron, 236. 

Tempering processes, various, 244 — 250. 

cutters, 250. * 

Rhjrmers, 249. 

taps, 249. 

tools, 247. 

Tenacity. See Strength of materials ; also 

Tensile strength. 
Tensile strength of materials, loi, 102, 

III, 127, 155, 176. 226, 229, 230, 2^9, 

260, 262, 263, 264, 267, 270, 271, 284, 

293. 294- 
Tensile strength of aluminium, 270. 

strength of angle and Tee iron, 270. 

strength of boiler plates, iron, 176, 

259, 270. 
strength of boiler plates, steel, 260, 

270. 



strength of brass, 229, 270. 

— strength of brass wire, 230^ 270. 

— strength of bronze, 229, 230, 270. 

— strength of cast-iron, loi, 102, 226, 
267, 270. 

— strength of compressed bronze, 239. 

— strength of copper, 229, 270. 

— strength of copper wire, 270. 

— strength of homogeneous metal, 270. 

— strength of iron-wire, 270^ 293, 

— strength of Lowmoor iron, 270. 

— strength of phosphor bronze, 230, 270. 

— strength of rails, 270. 

— strength of railway wheels, 270. 

— strength of solder, 270. 

— strength of steel, 260, 27a 

— strength of steel wheel ostings, 127. 

— strength of steel wire, 270. 

— strength of timber, 271. 

— strength of tin, 270. 

— strength of tires, 270. 

— strength of wrought -iron, loi, 176, 
259, 270. 

strength of various materials, 270, 271. 



Terminal pressure, 8. 

Test, acid, for gold and silver, 386. 

acid, for iron and steel, 388. 

acid, for steel, 246. 

of a Galloway boiler, results of, 168. 

for rivets, 261. 

for wrought-iron bars, 261. 

Testing bridge plates, 261. 

cast-iron, 102, 226. 

cast-iron pipes, 102, 

guns, 339, 340. 

iron boiler plates, 260. 

iron ship plates, 260. 

steel boiler plates, 260. 



Testing water, 324. 

Thickness of metal for cylinders, loi, 
III. 

of metal for pipes, loi — 104. 

Timber measuring, 30S. 
Timber, notes on, 307, 308. 
Tinman's solder, 237. 
Tinning processes, 241. 
Tin, grain, 387. 

notes on, 387. 

plates, size and weight of, 302 

Tin-salt, 387. 

Tires, 41, 46, 49, 64, 77. 

Tools, angle of cutting edges, 210. 

depreciation of, 336. 

work done by, 211. 

Tool-work, price of, 218. 
Toothed wheels, 115 — 137. 

wheels, metal for, 227. 

wheels, weight of, 127 — 137, 299. 

steel wheels, 127. 

Torsion, resistance to, 139, 140. 
Traction, resistance to, 5, 30. 
Tractive force of locomotive engines, 3a 
Train resistances, 30. 
Tramcars, speed of, 385. 
Tramways, resistance on, 5. 
Transmission of power to long distances, 

156. 
Trees, age for felling, 308. 
Trent polishing sand, 239. 
Trial of guns, 339, 340. 
Tubes, internal flue, for boilers, 163, 164, 

176, 179. 

block-tin, weight of, 286. 

brass, weight of, 296. 

copper, weight of, 296. 

gas, weight of, 285. 

kp welded, weight of, 176. 

wrought-iron, for boilers, weight of, 

174. 



of various metals, bursting pressure 

of, lOI. 
flue of boilers, collapsing pressure of, 

179, 181. 
Tubular boilers, 171. 
Turners' cement, 319. 
Turning various metals, speed for, 209. 

work, 211. 

work, price of, 218. 

Type metal, 235. 

T J LTIM ATE strength of materials. See 
^ Strength of materials, also Tensile 
strength, and Compression of metals. 
Unit of heat, 197. 

of heat, French, 382. 

of power, 4. 

of power, French, 382. 

of work, 3. 

of work, French, 382. 

Undershot water-wheels, 106. 

water-wheels, horse-power of, 107. 
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TTACUUM, Une of perfect, 28. 
^ Valve, slide, lap of, 9, 1 1, 21. 
Valve, slide, lead of, 9. 

, slide, II. 

■ spindle, 11. 

springs, 185, 186. 

Valve-gear, Joy's, 78. 
Valves, leaky, 7. 

, metal for, 231. 

, slide, metal for filling perforations in, 

234. 
-, safety, 182—184. 



Vapours and gases, 198, 273. 
Varnish for metals, 241, 243. 

for paper, 322. 

oil, 320. 

spirit, 321. 

for wooid, 320 — 322. 

Varnishes, composition of, 320, 321. 
Velocity, angular, 120. 

circumferential, 120. 

of discharge of sewage pipes, 

III. 

muzzle, of shot and shell, 384. 

of rivers and channels, 108, iia 

of shot and shells, 384. 

of streams, 108. 

of tides, 384. 

of discharge of water-pipes, 109. 

of governors, 17, 19. 

of water in rivers, &c., 384. 

of wind, 206, 384. 

Ventilation, 204, 205. 

of apartments, 204. 

of buildings, 204. 

of hospitals, 204. 

of mines, 205. 

of public rooms, 204. 

Ventilating furnaces, 205. 

Vertical boilers, horse-power of, 167, 170, 

171. . 

boilers, chimneys for, 171. 

— ^ boilers, proportions of, 170, 171. 
boilers, weight of, 170, 171, 174. 

— timber frames, speed of, 212. 
Vice clams, alloy for, 235. 

Vocabulary of French and English En- 
gineering terms, 353—375- 
Volume of steam, 159. 

"IXTAGON, railway, axles of, 83. 

Wagons, resistance to traction, 5. 
Wagons, railway, dimensions of, 83. 
Wall plates, 150. 
Warming apparatus, 200. 

apartments, 202. 

buildings, 202. 

— churches, 202. 

conservatories, 202. 

factories, 202. 

greenhouses, 202. 

horticultural forcing houses, 202. 

laundry drying rooms, 202. 



Warming schools, 202. 

by not water, 200—203. 

by steam, 203. 

Washers, weight of, 283. 
Water in channels, 108, 109. 

in pipes, 105. 

column of, 92. 

capacity of, 91, 92. 

cylinders, strength of, lOi, ill. 

discharged by orifices, 107. 

discharged l^ pumps, 95, 99, 100. 

driving power of, 106. 

effect offbeat on, 159. 

expansion of, by heat, 194. 

evaporation of, 161, 167. 

flow of, in pipes and channels, to8. 

flow of, in rivers, 108. 

freezing, 92. 

hot, pumping, 94. 

joints, cements for, 319. 

measures of, 91, 92. 

memoranda, 91, 92, 93, no, iii. 

pipes, cast-iron, strength of, loi, 

102. 

pipes, cast-iron, weight of, 103, 104. 

power, 106. 

pressure, 92, 105. 

, sea, 92, 194. 

tests for, 324. 

^— velocity of, 109, 384. 

—V- weight of, 92, 98. 

Water-gauges, directions for fixing, 165. 

gauges, care of, 190. 

proof belting, 150. 

-proof cements, 314, 317. 

proofing brick walls, 325. 

proofing calico and canvas, 325. 

proofing cloth and leather, 325. 

supplv, 99. 

wheels, 106, 107. 

wheeb, breast, 106 

— wheels, horse-power of, 107. 

wheels, shaft journals for, 107. 

wheels, low breast, 106. 

wheels, paddle, loiS. 

wheels, Poncelet*s, 107. 

wheels, undershot, 106. 

Weight and capacity of water, 91, 92, 93, 

and specific gravity, 272, 273. 

of air, 205. 

of angle iron, 281. 

of ammals, 5. 

of balls, 295. 

of bars round and square of brass 



301. 



of bars round and square of copper. 



301. 

— of bars round and square of lead, 

301. 

— of bars round and square of steel, 
287. 

of bars round and square of wrought- 



iron, 287. 
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Weight of bars round and square of sine, 301 

of bells, 233. 

of belts, 155. 

of belt pulleys, 153. 

of Bessemer steel, 291. 

of bevel wheels, 127. 

of block-tin tubes, 286. 

— ^ of boilers, 169^174.. 

of boilers, rules for the, 174. 

of boiler flue tubes, 176. 

of boiler plates, iron, 282, 2S9. 

of boiler plates, steel, 282, 291. 

of boiler shells, 175. 

of bolts and washers, 283. 

of brass bars, 301. 

of brass sheets, 29a 

of brass vrire, 301. 

of bricks, 331. 

of building materials, 352, 353. 

of cast-iron cylinders, 297, 298. 

of cast-iron plates, 292, 300. 

of cast-iron wheels, 127 — 137, 299. 

of cast-steel wheels, 127. 

of chance wheels, 299. 

of chisel steel, 288. 

of circular cast-iron plates, 300. 

of circular wrought-iron plates, 282. 

of coal, 313. 

of coins, 347. 

of coke, 313. 

of composition pipes, 286. 

of copper bars, 301. 

. of copper rivets, 303. 

of copper sheets, 290. 

of copper wire, 301. 

of Cornish boilers, 169, 174. 

of corrugated iron roofuig, 286, 329. 

of corrugated iron sheets, 286. 

of couphngs, flange, 145. 

of couplings, mun, 146 

of cylinders, cast-iron, 297, 298. 

of Cure bars, 189. 

of flange couplings, 145. 

of flat iron and steel, 288. 

of fuels, 313. 

of gas fittings, 285. 

— of gas tubes and pipe, 285. 

of galvanized sheet iron, 286, 303. 

of galvanized wire, 293. 

of gearing, cast-steel, 127. 

of gearing, rope pulleys, 126. 

of gearing, toothed wheel, 127 — 137, 



299. 



of glass, 303. 

of half-circle of cast-iron, 299. 

of hexagon steel, 288. 

of hoop-iron, 288. 

of horses, 5. 

of ice, 92. 

of iron, cast, circular plates, 300. 

of iron, cast, square plates, 292, 300. 

of iron, cast, cvlinders, 297, 298. 

of iron, wrought, circular plates, 282. 



Weight of iron, wrought, flat, 288. 

— of iron, wrought, hoop, 288. 

of iron, wrought, plates, 282. 

of iron, wrought, round, 287. 

of iron, wrought, sheet, 282, 286, 289, 

303. 

of iron, wrought, square, 287. 

of iron wire, 288, 293. 

of Lancashire boilers, 169, 174. 

of lead bars, 301. 

of lead pipe joints, 296. 

of lead pipes, 294, 295. 

of lead, sheet, 291, 303. 

of leather belting, 156. 

of liquids, 305. 

of machine, moulded toothed wheels, 

127. 

of men and animals, 5. 

of metals per square foot, 289, 290, 

291, 292. 

of metals per square foot to the new 

imperial standard wire gauge, viz. : of 
sheet-iron, sheet-copper, brass, gun- 
metal, Bessemer steel, rolled steel, white 
metal, zinc, lead, 289, 290, 291. 

of mitre wheels, 127. 

of mortice wheels, 127. 

of muflf couplings, 146. 

of oval steel, 2S. 

of pipes, brass, 296. 

of pipes, cast-iron, 103, 104. 

of pipes, copper, 296, 

of pipes, flange, 103, 104. 

of pipes for gas, 285, 286. 

of pipes for steam, 104. 

— of pipes for water, 103. 

of pipes, lead, 294, 295. 

of pipes, socket, 103. 

of pipes, wrou^ht-iron, 174, 176. 

of plates, cast-iron, 292, 300. 

of plates, wrought-iron, 282, 289, 292. 

of plates for boilers, 282, 289. 

of plummer blocks, 149. 

of portable engine boilers, 172, 174. 

of pulleys for belts, 153. 

of pulleys for ropes, 126. 

of return tube boilers, 173. 

of rivets, copper, 303. 

of rivets, iron, 303. 

of rolled brass, 290. 

of rolled copper, 290. 

of rolled iron, 282, 287, 288, 289. 

of rolled lead, 291, 303. 

of rolled steel, 282, 291. 

of rolled white-metal, 291. 

of rope-belts, 127. 

of rope, iron wire, 262. 

of rope pulleys, 126. 

of ropes, hemp, 262. 

of ropcs^for rope pulleys, 127. 

of roofing, 280, 329, 

of screws, rule for, 223. 

of shafting, 144. 

B B 
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Weight of sheet-brass, 290, 292. 

of sheet-copper, 290, 292. 

of sheet-iron, 282, 286, 289, 292. 

of sheet-lead, 291, 292, 303. 

of sheet-steel, 282, 291, 292 

of sheet-zinc, 291, 292, 302. 

of solder for pipe-joints, 294. 

of spur-wheels, 127—137, 299. 

of square brass bars, 301. 

of square cast-iron plates, 300. 

of square bars of copper, 301. 

of square bars of lead, 301. 

of square bars of steel, 287. 

of square bars of wrought-iron, 287. 

of square bars of «nc, 301. 

of a square foot of various metals, 289, 

290, 291, 292. 

of steam, 337. 

of steel, 282, 287, 288, 291. 

of steel boiler-plates, 282, 291. 

of steel wheels, 127. 

of Tee-iron, 281. 

of tin, block-tubes, 286. 

of tin, square foot of, 292. 

of tin plates, 302. 

of toothed wheels, 127 — 137, 299. 

of tubes, brass, 296. 

of tubes, cast-iron, 297, 298. 

of tubes, copper, 296. 

of tubes, gas, 285, 286. 

of tubes, wrought-iron, 174, 176. 

of tubular boilers, 171. 

of vertical boilers. 170, 171. 

of brass and copper wire, 301. 

of iron wire, 288, 293. 

of steel wire, 288. 

of washers, 283. 

of water evaporated per lb. of coal, 

161. 



of water in pipes and wells, 98, 105. 

of wheels, spur, 127 — 137, 299. 

of wheels, steel, 127. 

of white metal, 291. 

— of window glass, 303, 
— ■ of zinc bars, 301. 

of zinc sheets, 291, 302. 



Weighted governors, 18, 19. 

Weirs, flow of water over, 108. 

Wells, contents of, 105. 

Well frame, 94. 

Wire, millimetre sizes, weight of, 293. 

Wire-gauge, new imperial standard, the, 293; 
weight of one square foot of metals to, 
viz.: of sheet-iron, sheet-copper, sheet- 
brass, Bessemer steel, rolled steel, gun 
metal, white metal, zinc, lead, 289, 290, 
291. 

Wire, brass, 270, 301. 



Wire, copper, 270, 301. 

^ iron, sizes, weight, and breaking 

strains of, according to the Imperial 

standard wire gauge, 293. 
iron, 270, 288, 293, 331. 



, steel, 270, 288. 

, paint for, 320. 

-rope gearing, rules for, 156. 

Wlieels, change, pitch of, X19, 12a 

, change, tables of, for screw-cutting, 

219—295. 

, chan|;e, weights of, 299. 

W^eel-cuttmg, 213, 214, 215. 

-cutting, cost of, 218. 

gearing, 115, 137. 

-gearing, steel, 127. 

-keys, 148. 

teeth, 115, X16. 

Wheels, metal for, 227, 231. 

, weight of, 127 — 137, 299. 

, railway, 41, 49, 63, 69, 70, 76, 77, 81. 

, railway, pressing them on their axles, 

41, 61. 
White metal, weight of, 291. 

metal, stowage capacity of, 305. 

NVhitworth's gas threads, 253, 254. 

screw threads, 251 — 254. 

screw threads for watchmakers, 256. 

standard nuts, 285. 

Wind, pressure of, 206, 207, 329, 384. 
, pressure on railway structures, 206, 

207. 
W^ood fuel, 161, 194. 
fuel, grate surface, and furnace area 

for, 194. 

screws, size of, 295. 

stains, 322. 

, strength of, 271. 

and timber, notes on, 306 — 308. 

Woods, list of, and their uses, 306. 

Wood-working machinery, 212. 

Work accumulated in a moving body, 335. 

done by tools, 211. 

done by tools, cost of, 218. 

Workshop accidents, remedies for, 327, 

328. 

depreciation, 336. 

receipts, 314, 323—326. 



7IGZAG riveting, 280. 

^^ Zinc, to tin, 241. 

Zinc bars, round, weight of, 301. 

notes on, 387. 

bars, square, weight of, 301 . 

sheets, weight and gauges of, 291, 

302. 

, weight of, 291, 301, 302. 

Zincing, 241. 



THE END. 
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erery civil engineer and practical mechanic."— ^ni^fM Mtchanic, 



4 CROSBY LOCKWOOD <&• CO:S CATALOGUE. 

Suruetf Practice. 

AID TO SUR VE Y PR A CTICE : for Reference in Surveying, Ltvelling^ 
Setting'Out and in Route Suri'eys of Travellers by Land and Sea* With Tables, 
Illustrations, and Records. By Lowis D*A. Jackson, A.M.I.C.E,, Author of 
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subject a belter course than to fortify his practice in the field under a competent sonreyor with a study of 
Mr. Jackson's useful manual. ^—Building News. 
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LE YELLING, Showing its Application to purposes of Railway and CItiI Engineer- 
ing, in the Constraction of Roads ; with Mr. Telford's Roles for the same. By 
Frederick W. Simms, F.G.S., M. Inst. C.E. Seventh Edition, withtheadditioa of 
Law's Practical Examples for Setting-out Railway Curves, and Trautwinb's Field 
Practice of Laying-out Circular Curves. With 7 Plates and numerous Woodcats^ 
Svo, Sx. 6^. cloth. *«* Trautwine on Curves, separate, 51. 

" The text-book on levelling in most of our engineering schools and colleges." — Emgimeer, 

" The publtshere have rendered a substantial service to the profession, especially to the yooagcr 
members, by bringing out the present edition of Mr. Simms's useful ^oxVJ^'-Ei^neerimg, 

Tunnelling. 

PRACTICAL TUNNELLING. Explaining in detail the Setting- out of 

the works, Shaft-sinking and Heading-driving, Ranging the Lines and Levelling 

under Ground, Sub-Excavating, Timbering, and the Construction of the Brickwork 

of Tunnels, with the amount of Labour required for, and the Cost of, the vmrious 

portions of the work. By Frederick W. Simms, F.G.S., M. Inst. C.E. Third 

Edition, Revised and Extended by D. Kinnear Clark, M.Inst. C.E. Imp. Svo^ 

with 21 Folding Plates and numerous Wood Engravings, 30X. cloth. 

"The estimation in which Mr. Simms* book on tunnelling has been held for over thirty yean < 
be more truly expressed than in the words of the late Professor Rankine : — 'The best source of ii 
tion on the subject of tunnels is Mr. P. W. Simms' work on Practical Tunnelling."* — Arckiiect, 

"It has been regarded from the first as a text book of the subject . • . Mr. Claik has added 
immensely to the value of the book" — Engineer, 

" The additional chapters by Mr. Clark, conUining as they do numerous **««»p^*« of modcra 
practice, bring the book well up to ^9X<ty '^Engineering, 

Statics, Qraphic and Analytic. 

GRAPHIC AND ANAL YTIC STA TICS, in Theory and Comfiariscm : 
Their Practical Application to the Treatment of Stresses in Roofs, Solid Girders, 
Lattice, Bowstring and Suspension Bridges, Braced Iron Arches and Piers, and 
other Frameworks. To which is added a Chapter on Wind Pressures. By R. 
Hudson Graham, C.E. With numerous Examples, many taken from ^^«^i*g 
Structures. Svo, i6x. cloth. 

" Mr. Graham's book will find a place wherever graphic and analytic sUtici are used or stadied.^*' 
Engineer, 

" This exhaiutive treatise is admirably adapted for the architect and engineer, and will tend to wean 
the profession from a tedious and laboured mode of calculation. To prove the aocnracy of the gnnlMcat 
demonstrations, the author compares them with the analytic formula given by Rankine.'* — BuUdtm^ 
Netut, ^ 

' Th* ^i^*"^ ** excellent from a practical point of view, and has evidenUy been prepaied wUh aadb 
The directions for workmg are ample, and are illustrated by an abundance of weU-seUcted 
pies. It IS an excellent text-book for the practical draughtsman.^*— ^/A#««»jm. 

Strains, Formulos and Diagrams for Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS IN 
GIRDERS AND SIMILAR STRUCTURES, AND THEIR STRENGTH. 
Consisting of Formulae and Corresponding Diagrams, with numerous details for 
Practical Application, &c. By William Humber, A-M. Inst. C.E., Ac Third 
Edition. Crown Svo, with nearly 100 Woodcuts and 3 Plates, yr. 6d. cloth. 
"The formulae are neatly expressed, and the diagrams good.**— X/4tf«s««Mf. 
Mtch^c^^''^^ comnend this really k%n:fj, book to our engineer and architect leaden.'*— £j«JSjA 



care. 

exam 



CIVIL ENGINEERING, SURVEYING, ^^. 



Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA for 

finding the Discharge of Water from Orifices, Notches, Weirs, Fipes^ and Rivers, 

With New Formulae, Tables, and General Information on Rain-fall, Catchment- 

Basins, Draina|;e, Sewerage, Water Supply for Towns and Mill Power. By John 

Neville, CivU Engineer, M.R.I. A. Third Edition, carefully revised, with con« 

sideiable Additions. Numerous Illustrations. Crown 8vo, I4r. cloth. 

"Alike valuable to students and engineers in practice; its study will prevent the annoyance of 
avoidable failures, and assist them to select the readiest means of successfully carrying out any given 
work connected with hydraulic engineering." — Mining JourtuU, 

" It is, of aU English hooks on the subject, the one nearest to completion .... From the 
good arrangement of the matter, the clear explanations, and abtmdance of formu'a, the carefully 
calculated tables, and, above all, the thorough acquaintance with bodi theory and construction, which is 
displayed from first to last, the book will be found to be an acquisition."— ylnrA//^f/. 

Riuer Engineering. 

RIVER BARS: The Causes of their Formation^ and their Treatment by 
^^ Induced Tidal Scour ;" with a Description of tl)e Successful Reduction by this 
Method of the Bar at Dublin. By I. J. Mann, Assist Eng. to the Dublin Port 
and Docks Board. Royal 8vo, fs, 6d, cloth. 

" Wa recommend all interested in harbour works— and, indeed, those concerned in the improvements 
of rivers generally — to read Mr. Mann's interesting work on the treatment of river bars." — Enj^'neer, 

"The author's discussion on wave-action, currents, and scour is intelligent and interesting . . . a most 
valuable contribution to the history of this branch of engineering." — Engine€riti£ and Mining^ Journal, 

Hydraulics. 

HYDRA ULIC MANUAL. Consisting of Working Tables and Explana- 
tory Text. Intended as a Guide in Hydraulic Calculations and Field Operations. 
By Lowis D'A. Jackson. Fourth Edition. Rewritten and Enlarged. Large 
crown 8to, i6r. cloth. 

*' The author has had a wide experience in hydraulic engineering, both in South America and in India, 
and has been a careful observer of the facts which have come under his notice, as well as a painstaking 
collector and critic of the results of the exi>eriments of others, and from the great mass of material at his 
command he has constructed a manual which may be accepted as a trustworthy guide to this branch of 
the ennneer's profession. We can heartily recommend this volume to all who desire to be acquainted 
with the latest development of this important subject." — Engineering, 

" The standard work in this department of mechanics. The present edition has been brought abreast 
•f the most recent practice.*'— .S'tv/xmraw. 

" The most useful feature of this work is its freedom from what is superannuated, and its thorough 
adoption of recent experiments ; the text is in fact in great part a short account of the great modem 
experiments." — Nature, 

Tramways and their Working.' 

TRAMWAYS : their CONSTRUCTION and WORKING. Embracing 
a Comprehensive History of the System ; with an exhaustive Analysis of the Various 
Modes 6f Traction, including Horse Power, Steam, Heated Water, and Compressed 
Air ; a Description of the Varieties of Rolling Stock ; and ample Details of Cost 
and Working Expenses ; the Progress recently made in Tramway Construction, &c., 
&c. By D. KiNNEAR Clark, M.Inst. C.E. With over 200 Wood Engravings, 
and 13 Folding Plates. Two Vols. Large crown 8vo, 3ar. cloth. 

" All interested in tramways must refer to it, as all railway engineers have turned to the author's 
work * Railway Machinery.' " — Engineer, 

"An exhaustive and practical work on tramways, in which the history of this kind of locomotion, and 
a description and cost of the various modes of laying tramways, are to be found." — Building tfews. 

" The best form of rails, the best mode of construction, and the best mechanical appliances are so 
fairly indicated in the work under review, that any engineer about to construct a tramway will be enabled 
at once to obtain the practical information which will be of most service to him." — Atkenaum, 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES, By John Hart. Third Edition, with Plates. Imperial 
8vo, 8/. cloth. 



Strength of Qirders. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTATION 
OF THE WEIGHTS OF WROUGHT IRON AND STEEL GIRDERS, ^e,, 
for Parliamentary and other Estimates. By J. 11. Watson Buck, M. Inst. C.E. 
On a Sheet, ^s, 6d, 
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Tables for Setting-out Guruea. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES far 

Setting-out Curves from 5 to 200 Radius, By Alsxander Beazeley, M-InstCE. 

Third Edition. Printed on 48 Cards, and sold in a doth box, waistcoat-pocket 

size, 3^. dd, 

** Each table is printed on a small card, which, being placed on the theodolite, leaves the hands fre« 
to manipulate the instrument— no small advantage as regards the rapidity of work.^' — Rngifutr. 

" Very handy : a man may know that all his day's work must fall on two of these cards, which he pots 
into his own card-case, and leaves the rest behind."— ^/Amiewjvr. 

Engineering Fieldworli 

THE PRACTICE OF ENGINEERING FIELDWORK, off lied to 
Land and HydrcuUic, Hydrographies and Submarine Surveying and Levelling. 
Second Edition, Revised, with considerable Additions, and a Supplement on Water- 
works, Sewers, Sewage, and Irrigation. By W. Davis Haskoll, CE. Nomerous 
FoMing Plates. In One Volume, demy 8vo, £\ 5j. cloth. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. A Practi- 
cal and Theoretical Essay, By J. H. Watson Buck, M. Inst C.E., Resident 
Engineer, London and North- Western Railway. Illustrated with Foldkig Plates, 
royal 8vo, I2s, doth. 

" Many of the methods given are of extreme practical value to the mason, and the observatioas on 
the form of arch, the rules for ordering the stone, and the construction of the templates, will be found of 
considerable use. We commend the book to the engineering profession.*' — Building Newt, 

** Will be regarded by civil engineers as of the utmost value, and calculated to save much time and 
obviate many mistakes."— C<»i//V/7 Guardiam. 

Field'Booli for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CONTRACTOR'S 
FIELD-BOOK. Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and use of TheodoUte for Traverse Surveying and Plotting the Work witii 
minute accuracy by means of Straight Edge and Set Square only ; Levelliog with 
the TheodoUte, Casting-out and Reducing Levels to Datum, and Plotting Sections 
in the ordinary manner ; Setting-out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the Instrument ; Setting- 
out Curves without Theodolite on the System of Tangential Angles by Sets of Tan- 
gents and Offsets ; and Earthwork Tables to 80 feet deep, calculatol for every 6 
mches in depth. By W. Davis Haskoll, C.E. With numerous Woodcnts. 
Fourth Edition, Enlarged. Crown 8vo, I2J. doth. 



"The book is very handy, and the author might have added that the separate tables of sines and 

Sents to every minute will make it useful for many other purposes, the genuine traverse tables cxistiag all 
M same.*'— ^/A^Mnrm. 

*' Every person engaged in engineering field operations will estimate the importanee of soch a work 
and the amount of valuable time which will be saved by reference to a set of reliable tables prepared 
with the accuracy and fulness of those given in this volume. ** — Raihwy News, 

Earthworii, Measurement and Gaicuiation of. 

A MANUAL ON EARTHWORK. By ALEX. J. S. Graham, CE. 
With numerous Diagrams. l8mo, 2s, 6d, doth. 

" A great amount of practical information very admirably arranged, and available for rough elhaatie^, 
as well as for the more exact calculations requireo in the engineer's and contractor's offices. — Arttmrnm. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; with Prac- 
tical Remarks on Iron Construction. By F. W. Sheilds, M. Inst C£. Second 
Edition, with 5 Plates. Royal 8vo, 5x. doth. 
" The student cannot find a better little book on this %v^\tsx**^Engin€€r, 

Strength of Cast Iron, etc. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST IRON 
AND OTHER METALS, By Thomas Tredgold, CE. Fifth Edition, in- 
cluding Hodgkinson's Experimental Researches. 8vo, I2J. doth. 



MECHANICS, MECHANICAL ENGINEERING, 6*r. 

MECHANICS, MECHANICAL ENGINEERING, etc. 



MeohaniG's Workshop Companion, 

THE OPERATIVE MECHANIC'S WORKSHOP COMPANION, 
AND SCIENTIFIC GENTLEMAN'S PRACTICAL ASSISTANT. Com- 
prising a great variety of the most useful Rules in Mechanical Science ; with 
numerous Tables of Practical Data and Calculated ResulU. Bv W. Templeton, 
Author of " The Engineer's Practical Assistant" Thirteenth Edition. With Tables 
for Operative Smiths, Millwrights, Engineers, &c., and Useful and Practical Rules in 
Hydraulics and Hydxx>dynamics, a variety of Experimental Results, and an extensive 
Table of Powers and Roots, ii Plates. i2mo, 51. bound. 

"As a text-book of reference, in which mechanical and conunercial demands are judiciously met, 
' Templeton's Comftaaion' stands unrivalled." — Mechanic i MagoMttu. 

"It has met with great success in the engineenn|^ workuioi>, as we can testify; and there are a 
great many men who, in a great measure, owe their rise m life to this little book." — Building News, 

Engineer's and Machinists Assistant 

THE ENGINEER'S, MILLWRIGHT'S, AND MACHINIST'S 
PRACTICAL ASSISTANT. Comprising a collection of Useful Tables, Rules, 
and Data. Compiled and Arranged, with Original Matter, by William Templeton. 
Sixth Edition. i8mo, 2s, 6d, cloth. 

"With the utmost confidence we commend this book to the attention of our rtaden.**'~MecAaMie*t 
Magaxitu, 

*' A more suitable present to an apprentice to any of the mechanical trades could not possibly be 
made."— ^M/(Ait^AVwf. t-i * t~ ^ 

Meohanios. 

THE HANDBOOK OF MECHANICS. By DIONYSIUS Lardner, 

D.C.L., formerly Professor of Natural Philosophy and Astronomy in University 

College, London. New Edition, Edited and consiaerably Enlarged, by Benjamin 

LoEWY, F.R.A.S., &c. &c. With 378 Illustrations, post 8vo, 6s. cloth. 

" The explanattoos throughout are studiously popular, and care has been taken to show the application 
of the various branches of physics to the industrial artt, and to the practical business of hlc^-^Mining 

Turning. 

LA THE' WORK : A Practical Treatise on the Tools, Appliances, and 
Processes employed in the Art of Turning. By PAUL N. Hasluck. Second 
Edition, thoroughly Revised, with a New Chapter on the Screw-cutting Lathe. 
Crown 8vo, 5^. cloth. 

" Written by a man who knows, not only how work ought to be done, but who also knovrs how to do 
it, and how to convey his knowledge to others. To all turners this book would be valuable." — Enginttri$ig, 

** We can safely recommend the woric to young engineers. To the amateur it will simply oe invalu- 
able. To the student it will convey a great deal of useful information." — Engitutr. 

" A compact, succinct, and handy guide to lathe-work did not exist in our language until Mr. Has- 
ludc, by the publication of this treatise, gave the turner a true vade Mgatm^^-H^uteVworaipr. 

Metai Turning. 

THE METAL TURNER'S HANDBOOK. By Paul N. Hasluck. 
With over 100 Cuts. Crown 8vo, \s, cloth. 

Iron and Steei. 

« IRON AND STEEL " .■ A Work for the Forge, Foundry, Factory, atid 
Office. Containing ready, useful, and trustworthy Information for Ironmasters 
and their Stock-takers ; Managers of Bar, Rail. Plate, and Sheet Rolling Mills ; 
Iron and Metal Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
and Consulting Engineers ; Architects, Contractors, Builders, and Professional 
Dranghtemen. By Charles Hoare, Author of ''The Slide Rule,*' &c. Eighth 
Edition, Revised throughout and considerably Enlarged. With folding Scales of 
"Foreign Measures compared with the English Foot," and "Fixed Scales of 
Squares, Cubes, and Roots, Areas, Decimal Equivalents, &c.'' Oblong 32mo, 
leather, elastic-band, ds. 

** For comprehensiveness the book has not its equal "«-/r««. 

" One of tne best of the pocket books, and a useful companion in other Iwanches of work than iron 
and steel "—^iv'siA Meckamic. 

** We cordially recommend this book to those engaged in considering the details pf all kinds of iron 
and steel works."— iVavia/Jf«r«^r. 
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Stone-worMng Maohinery. 

STONE-WORKING MACHINERY, and the Rapid and Economical 
Conversion of Stone. With Hints on the Arrangement and Management of Stone 
Works. ByM. Fowis Bale, M.I.M.E.. A.M.I.C.E. With numerous Jllastia- 
tions. Large crown 8vo, 9/. cloth. \Just publisked, 

"The book should be in the hands of every mason or student of stonevoik.**— C^^arrj GmaniiMu, 

Engineer's Reference Booh. 

THE WORKS' MANAGER'S HANDBOOK OF MODERN RULES, 
TABLES, AND DATA. For Engineers, Millwrights, and BoOer Makcn; 
Tool Makers, Machinists, and Metal Workers ; Iron and Brass Fomideis, &c. By 
W. S. HUTTON, Civil and Mechanical Engineer. In One handsome Volume, 
medium 8vo, price i$s. strongly bound. \Just fmbUiked. 

Contents : 

Proportions and Rules for Modem Stationary 
and Locomotive Engines — Lancashire* Cornish, 
Vertical, Return Tube, and Portable Engine 
Boilers — Chimneys — Water- Wheels, Pumps, Pipes, 
Girders, Gearing, Shafting, and Millwork— Iron 
Foundry Work and Brass Work — Rules and 
Practical Data relatine to the Strength and 
Weight of Metals and Materials— Iron and Brass 
Casting— Cutting Metals— Wheel Cutting— Screw 
Cutting— Wheel Gearing — Rope Gearing— Pulleys 
—Weight of Pulleys— Weight of Spur, Bevel, and 



Mortice Wheels — Warmhig and Veal 
Weieht of Iron, Sted, Brass, and Tarioos Metals 
and Materials. 

Also, The Indicator and Indicator Dia ai aiiii 
Various Memoranda for the Foundry and Wofk* 
shop— Rules for the Weight of Castiagi— The New 
Patent Law and Costs of Patent*— Legal Mt 
anda— List of French Words for Enclk^ 
neering Terms- French and English wei^ 
Measures — And a variety of Modem Pr 
Information for Ovil and Medoascal Eagiaeen. 




N.B. — In the above Work the Weights of the various Metals are given ta the New 
Standard Gauges. 

Smith's Tables for Mechanics, Ac 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, 6v. 
Selected and Arranged by Francis Smith. Second Edition. 240 pp. Waist- 
coat-pocket size, is. 6d, limp leather. 

" It would, perhaps, be as difficult to make a small pocket-book sdectkm of notes aad 
suit ALL engineers as tt would be to make a universal medicine ; but Mr. Sauth'a waistcoat- 
lection may be looked upon as a successful attempt.*' — Enihuer, 

"The best example we have ever seen of 340 pages of useful matter packed into the dioii 
card'Case."— ^w'^Vv News. " A veritable podcet treasury of knowledge."— /rwa. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM-ENGINE/ an Exposition of its 

Comparative Merits^ and an Essay towards an Improved System of Construetiom. 

By Dr. Ernst Alban. Translated from the German, with Notes, by Dr. Pou^ 

M. Inst. C.E. &c. With 28 Plates. 8vo, idr. td. cloth. 

** Goes thoroughly into the examination of the htgh-pressure engine, the boiler, and its appeadagcs, 
and deserves a place m every scientific library.*'— NS/raar Hhip^ing Ckrvmicle. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS: Their Strength, Constrmc- 
tion, and Economical Working. By Robert Wilson, C.E., late uispector, Man* 

Chester Steam Users' Association. Fifth Edition. i2mo, 6s. cloth. 

"The best treatise that has ever been published on steam boilers.**'-irii|ftia«rr. 

** The author shows himself perfect master of his subject, and we heartily recommend all eaaplayiac 
steam power to possess themselves of the work.**— J?y/aa<r# /rva Tra^e Circmlar. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With Examples 

of Practical Geometry and Templating, for the Use of Platers, Smitln, and 

Riveters. By John Courtney, Edited by D. K. Clark, M.I.CE. 

Edition, revised with additions, lamo, 5/., half-bound. 

*' A most useful work. . • . No workman or apprentice should be without this boalL.*^/t 
Trmde Circular. 

*' A reliable guide to the working bmler maker.*'— '/raa. 

*' Boiler makers will readily recognise the value of this volume. . . . The tables 
printed, aad so arranged that they can be referred to with the greatest facility, so that it 
doubted that they will be generally appreciated and much used.**— JlfM/«v VeurmaL 
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Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. Goodeve, 
M.A., Barrister-at-Law, Author of " The Elements of Mechanism," &c. Fifth 
Edition. With numerous Illustrations. Crown 8vo, 6/. doth. 



<!' 



' Profesfor Good«ve has giTea us a treatise on the steam engine, which will hear comparison with 
anything written by Huxley or Maxwell, and we can award it no ugher praise."— JTiv^Mrr. 

" Mr. Goodeve's tex^book is a work of which every young engineer should possess himself."— 
Mttun£ yournal* 

Steam. 

THE SAFE USE OF STEAM. Containing Rules for Unprofessional 

Steam-osers. By an Engineer. Fifth Edition. Sewed, 6d. 

" If steam-nsers would but learn this little book by heart, boiler explosbns would become sentatioBS 
by thdr nntf"—SMgiM MtcAanic, 

Boiler Gonatruotion. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: Boiler 
Constmcton, By Nelson Foley, Cardiff, late Assistant Manager Palmer's Engine 
Works, Jarrow. With 29 full-page Lithographic Diagrams. Folio, 21/. half-bound. 

"A Tery nsefnl volume, which well merits a place in all drawing offices where marine boiler work has 
to be dealt w\iSx.**'~'SMgime€rinf» 

" This book is desupied to be more especially the nurine engineer's office book than for the general 
engineer, though it wilTbe of great assistance to the latter. It may be confidently recommended as very 
nsdul.**— ir«;fXMMr. 

"There are very few engineers' shofM in which this work will not be found of considetmble mdue, 
and there are fewer still in which it will fail to find a place in the office library."— ^ivf/uA MecMamc. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for Engineers 
and Steam-users. By Nelson Foley, Author of " Boiler Construction." Pocket- 
size, y, fid. cloth ; 41. leather. \Just published. 

Contents : 

Table X. Decimals of Tons in cwts., ors., lbs.— Hour (Clock and Cumbrae). — Table 9. Decimal 

Table a. Consumption per Day per I.H.P. — Table Equivalents of Time.«-Table 10. Knots per Hour 

3. Consamption per Hour per I.H.P. — ^Table 4. in ft per min. — Table xx. Constants for I.H.P. 

Consumption per Day per sq. ft. grate. — ^Table 5. —'Table is. Decimals of Cwts. in lbs. — ^Table xj. 

Consumption per Hour per sq. ft. grate. — ^Table 6. Measures of Weight ; also. Miscellaneous Remilts 

Stowage of Coal and Composition.— Table 7. Knots —Combustion, Air required, Stoking, &c. — Time 

per Hour (Measured Mile).— Table 8. Knots per and Speed Examples. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With a History 

of Fire-Eogines, their Construction, Use, and Management ; Remarks on Fire- Proof 

Building, and the Preservation of Life from Fire ; Statistics of the Fire Appliances 

in English Towns; Foreign Fire Systems; Hints on Fire-Brigades, &c., sc. By 

Charles F. T. Young, C.E. With numerous Illustrations, 544 pp., demy 8vo, 

£1 41. cloth. 

" To such of our readers a« are interested in the subject of fires and fire apparatus, we can most 
heartily commend this book. It is really the only English work we now have upon the subject."— 
Engineering. 

" Mr. Young's book on ' Fire Engines and Fire Brigades' contains a massof informatioa, which hat 
been coUected from a variety of sources." — BniUing Newt, 

"A useful compendium on all branches of the exciting subject of fire." — Bmlder. 

'* It displays much evidence of careful research, and Mr. Young has put his facts neatly together. 
It is evident enough that his acquaintance with the practical details of tne construction of steam fire 
engines, old and new, and the condidons with which it is necessary they should comply is accurate and 
i^kVir— Engineer, 

"A copy ought to be in the hands of every Fire Insurance agent"— Pm/ Magueine. 

Qae Lighting. 

COMMON SENSE FOR GAS- USERS: A Catechism of Gas-Lighting 

for Householders, Gasfitters, Millowners, Architects, Engineers, &c., &c. By 

Robert Wilson, C.E., Author of '*A Treatise on Steam Boilers." Second 

Edition. Crown 8vo, sewed, with Folding Plates and Wood Engravings, 2j. 6d, 

'* All gaa'users will decidedly benefit both in pocket and comfort, if they will avail themselves bi 
Mr. Wilson's couta€\%,**''Engineering, 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 

(ITncwn as "Thb Engine Duvbk's Fuend**). 

Locomotiue-Engine Driuing. 

LOCOMOTIVE'ENGINE DRIVING: A Practical Manual far En- 
gineers in charge of Locomotive Engines, By MiCHAEL Reynolds, Member of the 
Socaty of Engineers, fonnerly Locomotive Inspector L. B. and S. C. R. Sixth 
Edifion. Including a Key to the Locomotive Engine. With mastimtioos and 
Portrait of Aathor. Crown 8vo, ^r. dd, doth. 

" Mr. Reyaolds has tupplied a want, and has sopplied it w^ We caa copfidcady recommciid the 
hook not only lo the praccicu diiyer, hut to everyone vho takes an interest in the petfonaanoe cf loco- 
motive engines."— Tke Rnginter, 

''Mr. Reynolds has opened a new chapter in the literature of tibe day. TTus admiraWe practica 
treatise, of the practical udlity of which we have to speak in terms of warm commendatioai. "«-w4 thentemm, 

'* Evidently the work of one adio knows his subject thotoughly.** — Raihmy Service Gaxette. 

/* Were the cautions and rales given in the book to become part of the cvczy-day workiog of oar 
eagiae-driven, we might have fewer distressing accidents to deplore. "—iSfVllcmaJS. 

THb Engineer^ FtrBman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, AND 
ENGINE-BO Y, Comprising a Historical Notice of the Pioneer Locomotive Engines 
and their Inventors, with a project for the establishment of Certificates of Qualifica- 
tion in the Running Service of Railways. By Michael Reynolds, Aothor of 
"Locomotive-Engine Driving." With numeroos lUustrations, and a fine Poitrait 
of George Stephenson. Crown 8vo, 41. 6d, cloth. 

" From the technical knowledge of the author it will appeal to the raSway man of toniay more forcibly 
than anything written by Dr. Smiles. .... The vohioie contains informatioa of a tfchtiical kind, 
and facts that every driver should be f4Amiliar with.'*— f lyZuA Mtckmmic. 

"We should be glad to see this book in the possessioa of everyone in the Idocdom who has « 
laid, or is to lay, hands on a locomotive engine.** — /nm. 

'* Replete with information and graphic detail for the railway man.**- -RaUwof Service CemeUe, 



Stationary Engine Driving. 

STATIONARY ENGINE DRIVING: A Practical Manual far En- 
gineers in Charge of Stationary Engines, By MICHAEL REYNOLDS. Second 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 4/. 6d, doth. 

"The author is thoroughly acquainted with his subjects, and his advice on the i-arious pmnts treated 

is dear and practical He has produced a manual which b an eaceedingiy useful one far the 

class for whom it is spedally inxeadtd"'—kn£iMeering. 

" Our author leaves no stcme unturned. He is determined that his readers shall not only know 
something about the stttiunary engine, but all about it." — Engineer. 

** An eogineman who has mastered the contents of Mr. Reynolds's book will reonire but little actual 
experience with boUera and engines before he can be trusted to look after them.** — JSmglisk Mechmmc 

"The book should be possessed by every intelligent and ambitiotu enginenun." — Builder, 

Continuous Railway Braltea. 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on ike 
several Systems in Use in the United Kingdom ; their Construction and Perform- 
ance. With copious Illustrations and numerous Tables. By MICHAEL Reynolds. 
Laige crown 8vo, gs, cloth. 

" A popular explanation of tho different brakes. It will be of great assistance in focmiBg public 
opinion, and will be studied with benefit by those who take an interest in the brake. . • , • It is a 
dear exposition of the brake question as it relates to the rival systems.*' — Emgiisk Mechanic 

** Written with sufficient technical detail to enable the prinapal and relative connection of the various 
parts of each particular brake to be readily grasped,"— MecAamcat World, 

*' May be recommended to all who desire to study the subject of continuous brakes.'* — Iron, 

"The author stands firmly upon the footplate when he comes to review the many Idnda of railway 
brakes that have been brought forward, and regards their claims with the eye of a practical engineer.*'— 
Daify Chremicle, 

Engine-Driuing Life. 

ENGINE-DRIVING LIFE; or, Stirring Adventures and Incidents in 
the Lives of Locomotive Engine-Drivers. By Michael Reynolds. Eighth 
Thousand. Crown 8vo, 2J. cloth. 

" The book from first to last is perfectly fascinating. Wilkie Collins* most thrilling con c eptio os are 
thrown into the shade by true incidenu, endless in their variety, related in every page. '^—Atfr/A British 
MmiL 

"Anyone who wishes to get a real insight into railway life cannot do better than read * Engine- 
Driving Cafe' for himself, and if he once takes it up he wiU find that the author's enthusiasm and real 
love of the engine-driving profession will carry him on till he has read every page."'->S«/«n6y Bemem, 



ARCHITECTURE, BUILDING, ^c. ii 

ABCHXTECTUBE, BUILDINa, etc. 
Gonatruction. 

THE SCIENCE OF BUILDING: An Elementary Treatise on the 
PrineipUs of Construction^ By £. Wyndham Takn, M. A., Architect. Second 
Edition, Revised, with 58 Engravings. Crown 8vo, 7/. 6c/l cloth. 

"A Tery valuable book, which we itrongly recommend to all students.'* — Builder. 

"No architectusal student should be without this hand-book of constructional knowledge."— 
ArckiUct, 

Villa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE: Being a Scries 
of Designs for Villa Residences in various Styles. With Outline Specifications and 
Estimates. By C. WiCKSS, Architect, Author of *'The Spires and Towers of 
England," &c. 30 Plates, 4to, half-morocco, gilt edges, £l is. 

*«* Also an Enlarged Edition of the above. 61 Plates, with Outline Specifications, 
Estimates, &c. £2 2s, half-morocco. 

"The whole of the designs bear evidence of their being the work of an artistic architect, and they 
will prove very valuable and suggestive.**— if vaA/imj^ JVrav. 

Useful Text'Book for Architects. 

THE ARCHITECT'S GUIDE: Being a Text-book of Useful Infor- 
mation for Architects, Elngineers, Surveyors, Contractors, Clerks of Works, &c., 
&C. By Fabderick Rogers, Architect, Author of " Specifications for Practical 
Architecture," &c. Second Edition, Revised and Enlargra. With numerous Illus- 
trations. Crown 8vo, 6j. cloth. \Just publishtd» 

" As a text-book of useful information for architects, engineers, surveyors, &c., it would be hard to 
find a handier or more complete little volume.'*— .f/a«u&in/. 

" A young architect could hardly have a better guide-book."— TYmiirr Tradtt ypurmah 

Taylor and Gresy's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By the late 
G. L. TayijOR, Esq., F.R.I.B.A., and Edward Cresy, Esq. New Edition, 
thoroughly revised by the Rev. Alexander Taylor, M. A. (son of the late G. L. 
Taylor, Esq), Fellow of Queen's College, Oxford, and Chaplain of Gray's Inn. 
Laige folio, with 130 Plates, half-bound, ^3 3^> 

N.B. — This is the only book which gives on a laige scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient Rome in plan, 
elevation, and detail. 

^ "Taylor and Cresy's work has from its first publication been ranked among those professional books 
which cannot be bettered. ... It would be difficult to find examples of drawings, even among those 
of the most painstaking students of Gothic, more thoroughly worked out than are the one hundred and 
thirty plates in this volume."— iin:Ai/«c/« 

Drawing for Builders and Students in Architecture. 

PRACTICAL RULES ON DRAWING, for the Operative Builder 
and Young Student in Architecture. By George Pynb. With 14 Plates, 4to, 
is. td. boojrds. 

Gioll Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. By 
Sir William Chambers, F.R.S. With Illustrations, Notes, and an Examination 
. of Grecian Architecture, by Joseph Gwilt, F.S.A. Edited by W. H. Leeds. 
66 Plates, 4to, 21s. cloth. 

Specifications for Practical Architecture. 

SPECIFIC A TIONS FOR PRACTICAL ARCHITECTURE : A Guide 
to the Architect, Engineer, Surveyor, and Builder ; with an Essay on the Structure 
and Science of Modem Buildings. By Frederick Rogers, Architect. With 
numerous Illustrations, demy 8vo, 15^. cloth. 

*»* A volume of specifications of a practical character being greatly required, and the old standard 
work of Alfred Ba rt ho l omew being out of print, the author, on the basis of that work, has produced the 
titwt.'-'Sxirmct/ram Pre/ace. 
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Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to ike PRACTICE of MEASURING and 
VALUING ARTIFICERS' WORKS. CoDtaining Diractions for taking DimcB- 
sioos. Abstracting the same, and brixiging the Quantities into Bill, with Tables of 
Constants, and copious Memoranda for the Valuation of Labour and Materials in 
the respective Trades of Bricklayer and Slater, Carpenter and Joiner, Painter and 
Glazier, Papeilianger, &c With 8 Plates and 63 Woodcnts. Or^inally edited by 
Edward Dobson, Architect. Fifth Edition, Revised, with considerable Additions 
on Mensuration and Construction, and a New Chapter on Dilapidations, Repairs, 
and Contracts, by E. Wyndham Takn, M. A. Crown 8vo, 91. \Jutt pmUishtd. 



" Wdl fitlfik the promise of its dde-page, and we can thoroaghly recomasend it to Ae class for 
whose use it has been compiled. Mr. Tarn's additions and revisions ha' 



have much incicased the 
I of the work, and have especially angaented its value to stndeots.**— '^iy»'n*rr*'y. 
"The work has been carefully revised and edited by Mr. E. Wyndham Tarn, M.A, and 
•ereral valuable additions on constmction, mensuration, dilapidations and repairs, and o^cr 
. . . This editicm will be found the most complete treatise on the principles M measariag aad 
artificers* work that has yet been published.*'— Aaf/VS^NjC News. 

** Might be read and studied with advantage bv almost everyone haviaK any connectiaa with hinUiac 
operations, from the architect downwards.**— -^jM£riJ%r- fV^rid, 

Pocliet Estimator. 

THE POCKET EST IMA TOR FOR THE BUILDING TRADES. 
Being an Easy Method of Estimating the various parts of a Building oollectivdy. 
more especially applied to Carpenters' and Joiners* work. By A. C Beaton, 
Author of ** Quantities and Measurements." Second Edition, carefully revised, 
33 Woodcuts, leather, waistcoat-pocket size, is, 6d, 



''Cootainsa good deal ofinfbimation not easily to be obtained from the oidiaary price books. Tlw 

esj»ven are accurate, and up to date." — BuiUumf Nigwu, 

"This book is as complete as it is possible to make it/'-^BmUdiMi mnd En^mttrini Times. 

Bonder's and Surveyor's Pocliet Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER FOR 
BUILDERS AND SURVEYORS. Containing a Complete Ezplanadoii of the 
Terms used in Building Construction, Memoranda for Reference, Technical Direc- 
tions for Measuring Work in all the Building Trades, with a Treatise on the 
Measurement of Timbers, Complete Specifications, &c., &c. By A. C BEATON. 
Second Edition, with 19 Woodcuts, leather, waistcoat-pocket size, ii. 6^. 

" An exoeedin^y handy pocket compuioo, thorooghly reliable.'*— ^au/^/r^f W^iekfy Rtfewtgr. 
'* This neat little compendium contains all that is requisite in carrying out contracts for eacnvnlia^ 
tiling, bricklaying, paving, 6ic**— British Trmdt Jommat, 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical Guide to 
the Architect, Engineer, Surveyor, and Builder, in drawing up Specifications aad 
Contracts for Works and Constructions. Illustrated by Precedents of BaiMings 
actually executed by eminent Architects and Engineers. By Professor T. L. 
Donaldson, P.R.I.B.A., &c New Edition, in One large VoL, 8vo, with npwwds 
of 1,000 pages of Text, and 33 Plates, £1 lis, 6d, cloth. 

" In this work forty>four_specificadons of executed works are given, including the_specificnt> 

10 " 



parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Royal Exchangn. by Mr. 
Tite, M.P. The latter, in particular, is a very com|>4ete and remarkable docuoient. It em b od ies 



a great extent, as Mr. Donaldson mentions, ' the bill of quantities, with the description of the 
... It is valuable as a record, and more valuable still as a book of precedents. . . . Sufioe is 
to say that Donaklson's ' Handbook of Specifications' must be bought by all architects.'*— ^nv^^ler. 

The House-Owner's Estimator. 

THE HOUSE-OWNER'S ESTIMATOR: or, What will it Cost to 
Build. Alter, or Repair? A Price Book adapted to the Use of Uaprofcnaooal 
People, as well as for the Architectural Surveyor and Builder. By the late Tamis 
D. SiMON,A.R.I.B.A. Editedand Revised by FrancisT.W.Millbk,A.R«I.B.A. 
With numerous Illustrations. Third Edition, Revised. Crown 8vo, 31. 6tL doth. 

" In two yean it will repay its cost a hundred times over.**— /ftr/iC 
'* A very handy book.'*— i?i^£rA MecMamic. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS: Their Drastghi^pawer mmd 
StahUity; with a Chapter on Lightning-Conductors. By Robkrt Wilson, CE., 
Author of " Treatise on Steam Boilers,*' &c. Crown 8vo, 31. 6d. cloth. 
" A most valuable book of its kind, foil of useful information."— Z«c«/ C w mt ntmm i 



bECORATIVB ARTS, &¥. 13 

SXOORATIVZ ARTS, etc. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITA TION OF WOODS 
AND MARBLES, u Uugbt and pnctUed I17 A. R. Van dek Buro and F. 
Van dkr Bukc, Diiccton of Ihe Kotterdjini Painting Institution. Royal folio, 
\%\ by \i\ in., lUiutnted with 34 full-siie Coloured Plates; aUo 13 plain 
Plates, compming 154 Figurei, price jfa iir. iid. 
Lilt a/ CgHlerUs. 
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I. Vutoiu TacJi imuiRd lor Wood PimtiDg— 
■, I. WilHt I Pnlimiuiy Stages of Gnininc ud 
riBiihcd Spednxa — 4. Toob njed t« UuMe 
Paiatinc ud Method of Minipublkn— ), 6. Si. 
Rtml Uubk; EarKcr Opcnnoni nd PiBulKd 
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tln( woodland marblea. will find ai 

nultiiiB Ibia book. . . . Some of the Workisf Meo't Cluba ihould give their youi 
tmSrf to aiudy it."— SniUir. 

AcompRheuinguidcIo ihanrt. Tha eiplanatioE 
-' ■*- ' and ibabeauLifuUyeiiccuted platH 



Colour. 

A GRAMMAR OF COLOURING. Applieii to Decorative Painting and 
the Alts. Bj George Fiild. New Edition, Revised, Enlarged, and aiUpted 
to the use of the Oinaraental Painter and Designer, by Ellis A. Davidson. Wtlh 
New Colooied Diagrami and Eagnviogs. iimo, jr, 61/. cloth boanlt. 
"The hook u a Boat uwful nflun/of thcpiopanieaof piEmanU."— ^lu'ili/W-. 

Qlass Painting. 

GLASS STAINING AND THE ART OF PAINTING ON GLASS. 
From the German of Dr. Gbssbrt and Euanubl Otto Fkoubero. With an 
Appendix on The Akt op Enaurllinc i2mo, ai. 6d. tloth limp. 

Decoration. 

ELEMENTARY DECORATION: A Guide to the Simpler Fomw of 
EvaTday Art, as applied to ihe Interior and Exterior Decomtion of Dwelling 
Hooies,4c By James W. Facev, Jon. With 68 Cuts. limo, a/, cloth limp. 
"Al ■ lechmcal fiude-bnidE to tha decondna paioUr il will ba found rtlalila.'—S»tUiiifKttn. 

House Painting, Ao. 

HOUSE PAINTING. GRAINING, MARBLING.Sr' SIGN WRITING, 
A Practical Manual of. By Ellis A. Davidson. Third Edition, Revised. Wiih 
Colonred Plata and Wood Engravings. lamo, 61. cloth boards. 

" A nuai of infomation, of uaa 10 the amateur Kid of lalue to Ihe praelLcal oiaB."-iFrvC(* Jf«**i„V, 
"SaplrinTaliuible lothayoungneraBteHDC up:n Ihii panlculai caIIio|, aod h'ghlT aarneeablt w 
Ihe maa lAs i> pfaetiiiof it."— ^unu'Wif* CBwrt*. 
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DELAMOTTE'S WORKS ON ILLUMINATION AND ALPHABETS. 



A PRIMER OF THE ART OF ILLUMINATION, for ik^ Use oj 
Beginners : with a Radimentary Treatise on the Art, Practical Directions for its 
exercise, and namerons Examples taken from Illuminated MSS., printed in Gold 
and Colours. By F. Delamottb. Small 4to, 9x. elegantly bound, cloth antique. 



•< 



. . . The examples of ancient MSS. recosinien<Ied to the stvdent, which, wiih mudi cood 

the author chooses from collections accessible to all, are selected with judgment and knowledge, as wdl 
as taste. "*-/l/il/iurMMr. 

ORNAMENTAL ALPHABETS, Ancieni and Mediccval, from the Eigkik 
Century f with Numerals ; including Gothic, Church-Text, large and small, Gennaa, 
Italian, Arabesque, Initials for Illumination, Monograms, Crosses, &c., ftc, for the 
use of Architectural and Engineering Draughtsmen, Missal Painters, lifasoiis» 
Decorative Painters. Lithographers, Engravers, Carvers, &c, &c. Collected and 
Engraved by F. Delamottb, and print«l in Colours. New and Cheaper Editioo. 
Royal 8vo^ oblong, 2f. dd, ornamental boards. 

*' For those who insert enamelled sentences round gilded chalices, who blaaon shop legends oivcr shop- 
doors; who letter church walls with pithy sentences from the Decalogue, this book will be tmefaL*'-^ 
yf/AnuriMK. 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental; 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, Covirt 
Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; with several 
Original Designs, and an Analysis of the Roman and Old English Alphabets, large 
and small, and Numerals, for the use of Draughtsmen, Surveyois, Masons, Decora- 
tive Painters, Lithographers, Engravers, Carvers, &c. Collected and Engraved bj 
F. Delamotte, and printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2f. td. ornamental boards. 

*' There is comprised in it erery possible shape into which the letters of the alphabet and numerals earn 
be formed, and the talent which has been expended in the conception of the various pUia and i 
letters is wonderful." — SUmdurd, 

** This volume has borne the test of practical use, and is invariably spoken well of by those who ; 
sess it** — JewtUer and Metal-tocrker* 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NA TORS, By F. Delamotte, Illuminator, Designer, and Engraver oo Wood* 
Containing 21 Plates and Illuminated Title, printed in Gold and Colours. With 
an Introduction by J. Willis Brooks. Small 4to, 6j. cloth gilt. 

"A volume in which the letters of the alphabet come forth glorified in gildiog and all the ooloon of 
the prism interwoven and intertwined and intermingled.** — Sun, 

THE EMBROIDERER* S BOOK OF DESIGN. Containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical Devices^ 
Mediaeval and Modem Alphabets, and National Emblems. Collected by F. Dela- 
motte. and printed in Colours. Oblong royal 8vo, \s. 6d, ornamental wrapper. 

" The designs are practical— not designs that cannot be done in embroidery ; and the book wiU ■• 
doubt be found exceedingly useful in the lady's work-room and in schools.**— AVvar^f/iSr C^mrmmt. 

'* The book will be of great assisunce to ladies and young children who are endowed with tbe ait of 
plying the needle in Uits most ornamental and useful pretty wotk,'*—£msi AngUmm Timet* 



Wood Carving, 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with HinU 
on Design. By A Lady. With Ten large Plates, 2s. 6^. in emblematic wrapper. 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt from ' A Lady's * 
publication.*'—^ tkentmrn, 

" The directions given are plain and easily understood.*'— fnitf&Jl MitckmtUe. 

Letter Painting. 

THE ART OF LETTER PAINTING MADE EASY. By Jamis 

Greig Badenoch. With 12 full-page Engravings of Examples, is. doth limp. 

" The system is a simple one, but quito original, and well worth the carefot atlCBtioB of letter 
painters. It can be easily ousCered and rtmembered."— i7«£Uir1v News. 



CARFRNTRY, TIMBER, ^£, IS 



CARPENTRY, TIMBER, etc. 



Tredgold'8 Carpentry, partly Re-written and Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: ATreziise 
on the Pressure and Eqailibrium of Timber Framing, the Resistance of Timber, 
and the Construction of Floon, Arches, Bridges, Roofs, Uniting Iron and Stone 
with Timber, &c. To which is added an Essay on the Nature and Properties of 
Timber, &c., with Descriptions of the kinds of Wood used in Building; also 
numerous Tables of the Scantlings of Timber for different purposes, the Specific 
Gravities of Materials, &c. By Thomas Tredgold, C.E. with an Appendix 
of Specimens of Various Roofs of Iron and Stone, Illustrated. Sixth Edition, 
thoroughly revised and considerably enlarged by E. WyndhaM Tarn, M.A., 
Author of " The Science of Building," &c. With 6x Plates, Portrait of the Author, 
and several Woodcuts. In i large voL, 4to, price 25^. cloth. \yust ^blished. 

"Ought to be in every architect's aad every builder's library." — Builder, 
"A work whose monumental excellence must commend it wherever skilful carpentry is concerned. 

The author's principles are rather confirmed than impaired by time. The additional plates are of great 

intrinsic value." — Building Nevts, 

Woodworking Machinery. 

WOODWORKING MACHINERY: lis Rise, Process and Construction. 
With Hints on the Management of Saw Mills and the Economical Conversion of 
Timber. Illustrated with Examples of Recent Designs by leading English, French, 
and American Engineers. ByM. PowisBale, A.M.Inst. C.E., M.I.M.E. Laige 
crown 8vo, \zs, 6d, cloth. 

"Mr. Bale is evidently an expert on the subject, and he has collected so much information that his 
book is all-sufficient for builders and others engaged in the conversion of timber.**— 'A rcAi/rct. 

"The most comtMrehensive compendium of wood*working machinery we have seen. The author is a 
thorough master of his subject." — Bnilding Nrws. 

" Converters of timber, wholesale joiners, the members generally of the building trades, architects, 
and owners of and dealers in timber, owe Mr. Bale tribute to the y^lue of the cost of his book. It is 
sound from end to end, well designed and well executed." — IrvM. 

** The appearance of this book at the present time will, we should think, give a considerable impe- 
tus to the onward march of the machinist engaged in the designing and manufacture of wood*workmg 
machines. It should be in the office of every wood-working factory.*' — English Mtckanie, 

Saw Miila. 

SA W MILLS: Their Arrangement and Management, and the Economical 
Conversion ^ Timber, (Being a Companion Volume to "Woodworking Ma- 
chinery.") By M. Powis Balb, A.M.Inst. C.E., M.I.M.E. With numerous Illus- 
trations. Crown 8vo, lo;. dd, cloth. 

"The author is favourably known by his former work on * Woodworking Machinery/ of which we 
were able to speak approvingly. This b a companion volume, in which the ttdminiitration of a large 
sawing establishment is discussed, and the subjsct examined from a financial standpoint. Hence the size, 
shape, order, and deposition of saw-mills and the like are gone into in detail, and the course of the timber 
is tiaoed from its reception to its delivery in its converted state. We could not desire a more complete or 
practical treatise.*'— ^wt^r^'. 

"We highly recommend Mr. Bale's work to the attention and perusal of all those who are engaged in 
the art of wood conversion, or who are about building or remodelling saw-mills on improved principles."— 
Building Ntws, 

" Will be found of much value by that special dass of readers for whose information it is designed 
We recommend the book to those about to construct or to manage saw-milla." — Athtnaum, 

Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDERWOOD AND 
WOODLAND; also Lineal, Superficial, Cubical, Wages, Marketing, and Deci/nal 
Tables. Together with Tables for Converting Land-measure from one denomina- 
tion to another, and Instructions for Measuring Round Timber. By Richard 
HoRTON. i2mo, 2x. Strongly bound in leather. 

Carpentering. 

THE CARPENTER'S NEW GUIDE; or, Book of Lines for Carpen- 
ters ; comprising all the Elementary Principles essential for acquiring a knowledge 
of Carpentry. Founded on the late Peter Nicholson's standard work. A New 
Edition, revised by Arthur Ashpitel, F.S. A.. Together with Practical Rules 
on Drawing, by GsoRGS Pyne. With 74 Plates, 4to, £1 is. cloth. 
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Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COMPANION. 
ConUining New and Copious Tables of the Reduced Wei^t and Measarement of 
Deals and Battens, of all sizes, from One to a Thousand Pieces, and the reladTe 
Price that each size bears per Lineal Foot to any given Price per Petenborgh Stan* 
daid Hundred ; the Price per Cube Foot of Square llmba to any giYen Price per 
Load of 50 Feet ; the proportionate Value of Deals and Battens by the Standard* to 
Square Timber by the Lo>ad of 50 Feet ; the readiest mode of ascertaining the Price 
of Scantling per Lineal Foot of any size, to anv given Figure per Cube Foot. Also 
a variety otother valuable information. By William Dowsing, Timber MerchanL 
Third Edition, Revised and Corrected. Crown 8vo, y. doth. 

" Everything is as coodse and dear as it can possibly be made. There can be no donbc that evay 
timber merchant and builder ought to possess it.'*— Buld Advertitir. 

** We are glad to see a tlurd edition of these admirable tables, which for correctness and aimpficsty of 
anangement leave nothing to be desired." — Timber Trudet y^urnai, 

" An exceedingly well-arranged, clear, and condse manual of tables for the use of all who buy or sell 
timber. . . • All who have to do with wood ought to possess this valuable ready reckoner. '* — J^mrm^U 
0fF9rtttry, 

Praotloat Timber Merchant 

THE PRACTICAL TIMBER MERCHANT/ Being a Guide for the use 
of Building Contractors, Surveyors, Builders, &c., comprising useful Tables for all 
purposes connected with the Timber Trade, Marks of Wood, Elssay on the Strength 
of Timber, Remarks on the Growth of Timber, &c. By W. Richardson. Fcap. 
8vo, y, 6d. cloth. 

" This handy manual contains much valuable information for the use of timber merdiants, boflders, 
foresters, and all others connected with the growth, sale, and manufacture of timber.*' — y^mrmal^Fmi utr j . 

"To timber merchants or users this compact treatise will be found very usefuL'*'-/i/sisfnslS«^ 
CarpnUtr, 

Timber Freight Book. 

THE TIMBER MERCHANT'S, SAW MILLER'S, AND IM- 
PORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William Ricraidson, 
Timber Broker ; together with a Chapter on " Speeds of Saw Mill Machinery,** 
by M. Powis Balk, M.LM.E., &c i2mo, 31. 6^. cloth boards. \Just puhlisUd 

Tables for Pachlng-Case Makers, 

PACKING-CASE TABLES; showing the number of Superficial Feet 
in Boxes or Packing-Cases, from six inches sauare and upwards. By W. Richard* 
SON, Timber Broker. Second Edition. Oblong 4to, ys. 6d. cloth. 

" Will save much labour and calculation to makers and users trf' packing-cases. "^Cnec«r. 

" Invaluable labour-saving tablet."— Irvmrno^gtr, 

Superficial Measurement 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEASURE- 
MENT, Tables calculated from l to 200 inches in length, by i to 108 inches in 
breadth. For the use of Architects, Surveyors, Engineers,Timber Merchants* Builders, 
&c. By James Hawkincs. Third Edition. Fcap., 31. &/. cloth, \yust pu^isi*^* 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford Information 
concerning the Planting and Care of Forest Trees for Ornament or Profit, with 
suggestions upon the Creation and Care of Woodlands. By F. B. Hough. Large 
crown 8vo, los. cloth. 

Timber Importer's Guide. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S AND 

BUILDER'S STANDARD GUIDE, By Richard E. Grandt. Campris- 

ing: — An Analysis of Deal Standards, Home and Foreign, with Companiive 

Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic and 

North American Deals, including all intermediate Expenses, Freight, Lousurancp, 

&C. , &C. ; together with copious Information for the Retailer and Builder. Secood 

Edition, carefully revised and corrected. i2mo, 3^. 6d, cloth boards. 

" Everytbinji it pretends to be : built up graduallYt it leads one from a fewest lo a trecnml, and Ainvs 
in, as a makeweight, a host of material concerning bncks, columns, cisterns^ 9K,**^Bm£iitk 
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Metalliferous Mining. 

BRITISH MINING : A Treatise on the History, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mines in the United Kingdom, 
By Robert Hunt, F.R.S., Keeper of Mining Records ; Editor of "Ure's Dic- 
tionary of Arts, Manufactures, and Mines," &c. Upwards of 950 pp., with 230 
Illustrations, Super-royal 8vo, £z 3j. cloth. [Just published , 

Synopsis of Contents : 



Book I. Historical Skbtch op Bkitish 
Mining :— Chap. I. Mining Previous to the 
Roman Invasion.— II. Mining during ihe Roman 
Occupation. — III. Mining to the Eighteenth 
Century. — IV. Mining for Tin and Copper to 
the End of the Eighteenth Century.— V. Mining 
for Lead, Silver, &c., to the End of the Eigh- 
teenth Century. — ^VI. Gold, Plumba^ro, Iron 
Ore, and Sundries to the End of the Eighteenth 
Century. 

Book II. On thb Formationop Metalliferous 
DsposiTS.—Chap. I. The Rocks of Mining 
Districts, and the Distribution of Meulliferous 
Deposits.— II. Mechanics of Mineral Lodes, 
Faults, Cross Courses, &&— III. The Laws rela- 
ting to Mineral Deposits. — IV. Remarkable Phe- 
nomena olnenred in Metalliferous Ore Deposits. 



Book III. Practical Miking.— Chap. I. Dis- 
covery of Mineral Lodes and the Opening of 
Mines. — II. Practical Operations for the Ex- 
traction of Metalliferous Ores. — III. Ventilation 
and Drainage of Mines, &c. — IV. Dressing Me- 
talliferous Ores — Preparation for Smelter. — V. 
Discovery and Extraction of Iron Ores from 
Veins and other Deposits. 

Book IV. The Future Prospects op British 
Mining. — Chap. I. Summary, Examination of 
the Probable Exhaustion of Metalliferous Min- 
erals. — Il.Onthe Limits of the MetalliferousZone. 
III. The Occurrence of Ores at Great Depths, 
or in New Districts. — IV. Improvements and 
Economy in Working British Mines —V. General 
Summary and Conclusion — Appendix — Glossary 
of Terms. 



" One of the most valuable works of reference of modem times. Mr. Hunt, as keeper of mining 
records of the United Kingdom, has had opportimities for such a tat>k not enjoyed by anyone else, and 
has evidendy made the most of them. . . . The language and style adopted are good, and the treat- 
ment of the various subjects laborious, conscientious, and wciVDXASiZ. -^Engituering. 

" A mass of information not elsewhere available, smd of the greatest value to those who may be in- 
terested in oor great mineral voAMsiaxtA*^— En^Heer, 

" A sound, business-like collection of interesting facts The amount of informadon Mr. 

Hunt has brought together is enormous. . . . The volume appears likely to convey more ixutrucdon 
upon the subject than any work hitherto published." — Mining youmal, 

"The work will be for the. mining industry what Dr. Percy's celebrated treatise has been for the 
netidlurgical— a book that cannot with advantage be omitted from the library. "-'/fVM and Coal Tradet 
Xttnevft 

"The volume is masnve and exhausdve, and the high intellectual powers and padent persistent 
applicadon which characterise the author have evidendy been brought into play in its production. Its 
contents are invaluable." — Colliery Guardian, 

" Probably no one in this country was better qualified than Mr. Hunt for undertaking such a work. 
Brought into frequent and close association during a long life-time with the principal guardians of our 
minenU and metaUlurgical industries, he enjoyed a position exceptionally favourable for collecting the 
necessary information. The use which he has made of his opportunities is sufficiently attested by the 
dense mass of informadon crowded into the handsome volume which has just been published. . . . 
In placing before the reader a sketch of the present position of British Mining, Mr. Hunt treats his sub- 
ject so fully and illustrates it so amply that this section really forms a little treatise on practical mining. 
. . . The book is, in fact, a treasure-house of statistical information on mining subjects, and we know 
of no other work embodying so great a mass of matter of this kind Were this the only merit of Mr. 
Hunt's volume it would be sufficient to render it indispensable in the library of everyone interested in the 
development of the mining and metallurgical iudustries of this country." — AiArmeum. 

"The literature of mining has hitherto possessed no work approaching in importance to that which 
has just been published. There is much in Mr. Hunt's valuable work that every shareholder in a mine 
should read with close attendon. The entire subject of pracdcal mining — from the first search for the lode 
to the latest stages of dressing the or^^is dealt with in a masterly manner." — Actuienty, 

Coal and Iron, 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM, Comprising a Description of the Coal Fields, and of the Principal 
Seams of Coal, with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of Pig 
Iron Manufacture since the year 1 740, exhibiting the Economies introduced in the 
Blast Furnaces for its Production and Improvement. By Richard Meade, Assist- 
ant Keeper of Mining Records. With Maps of the Coal Fields and Ironstone 
Deposits of the United Kingdom. 8vo, £\ is. cloth. 

I' The book is one which must find a place on the shelves of all interested in coal and iron producdon 
and in the iron, steel, and other metallurgical industries.' — Engineer, * 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. . . 
A book of reference which no one engaged lu the iion or coal trades should omit from his library '*-^/ran 
and Coal Traded Revirat. 

"An exhausdve treatise and a valuable work of reference. . . . The amount of labour which the 
preparation of the work has involved must have been enonnous."<'^Mrffc JoHrnaL 

B 
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Metalliferous Minerals and Mining. 

TREATISE ON METALLIFEROUS Af/NERALS AND MINING, 
By D. C. Davxes, F.G.S., Mining Engineer, &c» Author of "A Treatise on Slitfe 
and Slate Quarrying." Illustrated with numerous Wood Engravings. Second 
Edition, carefully revised. Crown 8vo, lax. 6d, doth. 

" Neither the practical miner nor the general reader, interested in mines, can have a better book for 
his companion and hb guide.** — Mining Jtmmal. 

"The volume is one which no student of mineralogy should be without." — Cplliefj GnttrdiaM. 

** We are doing our readers a service in calling their attention to this valuable work.*'— Jlff^MJi;^ WcrU, 

*' A book that will not only be useful to the geologist, the practical miner, and the metallurgist ; but 
also very interesting to the general public.** — Iron. 

"As a history of the present sUte of mining throoghout the world this book has a real value, and it 
toppUes an actual want, for no such information has hitherto been brought together within such liaxted 
qpace.*' — A tkentnun. 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY AND OTHER MINERALS, AND 
MINING. By D. C. Davies, F.G.S. Uniform with, and forming a Companion 
Volume to, the same Author's " Metalliferous Minerals and Mining." With 76 
Wood Engravings. Crown 8vo, 12s, &/. cloth. \Jtut pmblisked. 

Summary of Conienii : 

PaiT I. Silica— Alumina '— Lime — Magnesia — 
Glttcina — Arcoiua — Thoria— with some of their 
combinations. Pabt II. Chloride of Sodium 



(Common SaltV— Nitoate of Soda^Borax— Baryu 
i^Alum 



Part III. Carbon and Compounds of _ 
Sulphur. Past IV. Anenic— Cobalt— M( 
nunt— Antimony and Mangaaese— Claasifie^ List 
of Mmeral Subsianoesu 



—Gypsum— Alum Shale— Phosphate of Lime. 

" It is essentially a practical work, intended primarily for the use of practical men. . • : We do 
not remember to have met with any English work 00 mining matters that m«»a;«.f the *«"^ «m^|«t of 
iaformation packed in equally convenient KuKm^-^Acaiemy, 

Underground Pumping Machinery, 

MINE DRAINAGE: Being a Complete and Practical Treatise on Direct- 
Acting Underground Steam Pumping Machinery, with a Description of a large 
number of the best known En^es, their General Utility and the Special Sphere of 
their Action, the Mode of their Application, and their merits compared with other 
forms of Pumping Machinery. By Stephen Michbll. Svo, 15/. doth. 
" Will be highly esteemed by colliery ownen and lessees, mining engineers, and stodenu jreaenDy 
who require to be acquainted with the best means of securing the drainage of mines. It is a most valu- 
able work, and suods almost alone in the literature of steam pumping machinery." ColHtvy f^nmrdtmwt, 

" Much valuable information is given, so that the book is thoroughly worthy of an extensive dvcs- 
lation amongst practical men and purchasers of machinery."— J/imas^ fcmrtuU. 

Mining Tools. 

A MANUAL OF MINING TOOLS, For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans, Lecturer on Practical Mining at 
the Bristol School of Mines. i2mo, ^. cloth boards. 

ATLAS OF ENGRAVINGS to lUustrate the above, containing 235 
Illustrations of Mining Tools, drawn to scale. 4to, 6s. cloth boards. 

•;S»idents in the adeiice of mining, and ovmen. captains, managers, and viewen may cub 
practical knowledge and useful hints by the study of Mr. Morgans* manual?'— C«//mv7 Gnmrdimmi ^^ 

" A valuable work, which will tend materially to improve our miniqg litezatuie ''-^-Mining " 



Coal Mining. 

COAL AND COAL MINING: A RudinuHtary Treatise on. By War- 

INGTON W. Smyth, M.A., F.R.S., &c., Chief Inspector of the Mines of the Crown. 

New Ed. , Revised and Corrected. With numerous Illusts. , 1 2mo, 41. cloth boards. 

" As an outline is given of every known coal-field in this and other countries, as well as of the principal 

methods of working, the book will doubdess interest a very large number of readers. '*>-ilfMMSf j^mnmL 

Mining Surveying. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, By William Lintern, Mining and Civil Engineer. With Four Plates 
of Diagrams, Plans, &c i2mo, 4s, cloth boards. 

** Contains much valuable information given in a small compass, and which, as far as wc have tested 
it, is thoroughly trustworthy.**— /nm mnd C^ai Trades Rtvitva, 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical TreaHsi 
on : with and without the Magnetic Needle. By Thomas Fknwick, Survcvor of 
Mines, and Thomas Baker, C.E. lUustrated. i2mo, 31. doth boards. 
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NAVAL ARCHITECTURE, NAVIGATION, etc. 
Pocket-Book for Naval Architects and Shipbuilders. 

THE NA VAL ARCHITECT'S AND SHIPBUILDER'S POCKET- 
BOOK of Formula, Rules, and Tables, and Marine Engineer's and Surveyor's 
Handy Book 0/ Reference. By Clement Mackrow, Meml>erof the Institution of 
Naval Architects, Naval Draughtsman. Third Edition, Revised. With numerous 
Diagrams, &c. Fcap., izs, 6d,, strongly bound in leather. 

" Should be used hy all who are engaged in the construction or design of vessels. . . . Will be 
found to contain the most useful tables and formulae required by shipbuilders, carefully collected trom 
the best authorities, and put together in a popular and simple form.** — Engineer, 

** The professional shipbuilder has now, in a convenient and accessible form, reliable daU for solving 
many of the numerous problems that present themselves in the course of his work."— /rvM. 

" There is scarcely a subject on which a naval architect or shipbuilder can require to refresh his 
memory which will not be found within the covers of Mr. Mackrow's booli."^£M£lis/i Mechanic. 

Pocket-Book for Marine Engineers. 

A pocket-book OF USEFUL TABLES AND FORMULAE FOR 
MARINE ENGINEERS. By Frank Proctor, A.I.N. A. Third Edition. 
Royal 32mo, leather, gilt edges, with strap, 4J. 

" We recommend it to our readers as going far to supply a Iong>felt want." — Naval Science, 
" A most useful companion to all marine ta^ttx%.**—'Vnited Service Gnttette. 

Qrantham's Iron Shipbuilding. 

ON IRON SHIPBUILDING. With Practical Examples and Details. 

By John Grantham, M. Inst. C.E., &c. Fifth Edition. Imp. 410, boards, 

enlarged to 40 Plates, including the latest Examples. Together with separate 

Text, also considerably enlarged, i2mo, cloth limp, price ;^2 2s, complete. 

" Mr. Grantham's work is of great interest. . . . It is also valuable as a record of the progress ot 
iron shipbuilding. ... It will, we are confident, command an extensive circulation among shipbuildeiv 
in generaL . . . The text-book on which the examination in iron shipbuilding of candidates for pro- 
motion in the dockyards will be mainly based." — Engineering. 

Lighthouses. 

EUROPEAN LIGHTHOUSE SYSTEMS; Being a Report of a Tour 
of Inspection made in 1873. By Major George H. Elliot, Corps of Engineers, 
U.S.A. Illustrated by 51 Engravings and 31 Woodcuts. 8vo, 21s. cloth. 

Navigation (Practical), with Tables. 

PRACTICAL NAVIGATION. Consisting of the Sailor's Sca-Book, 
by James Greenwood and W. H. Rosser; together with the remiisite Mathe- 
matical and Nautical Tables for the Working of the Problems, by Henry Law, 
C.E., and Professor J. R. Young. Illustrated. i2mo, 7/., strongly half-bound. 

Storms. 

STORMS: Their Nature, Classification, and Laws; with the Means of 
Predicting them by their Embodiments, the Clouds. By William Blasius. With 
Coloured Plates and numerous Wood Engravings. Crown 8vo, los. 6d. cloth. 

" A very readable book. . . . The fresh facts conuined in its pa^es, collected with evident cire, 
formausefnlrcpository to meteorologists in the study of atmospherical disturbances. . . . The book 
will repay perusal as being the production of one who gives evidence of acute observation."— JVa/vry. 

The folUwing hooks on Naval Architecture, etc., are published in Wkale's 

Rudimentary Series. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
Robert Kipping, N.A. Fourteenth Edition. i2mo, 2s. 6d. cloth boards. 

SAILS AND SAIL-MAKING. Tenth Edition, Enlarged, with an Appendix. 
By Robert Kipping, N.A. Illustrated. i2mo, jx. cloth boards. 

NA VAL ARCHITECTURE. By James Peake. Fourth Edition, with 
Plates and Diagrams. i2mo, 41. cloth boards. 
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NATURAL PHILOSOPHY AND SCIENCE. 



Electricity. 

A MANUAL OF ELECTRICITY ; including Galvanism, Magntiism^ 
Via'Afagneiism, Electro- Dynamics, AfagMO- Electricity, and the Electric Telegrafk, 
By Henry M.NoAD,Ph.D.,F.R.S.,F.C.S. Fourth Edition. With 500 Woodcuts. 
8vo, /*! 4J. cloth. 

"The accounu given of electricitv and galvanism are not only complete in a sdcatific teste* bot, 
which is a rarer thing, are popular and interesting." — Lancet. 

" Among the numerous writers on the attractive and fascinating sobfect of electridty* the aother of 
the present volume has occupied our best atteotioa. It is worthy of a place in the lihrary of every pofalac 
insutution, and we have no doubt it will be deservedly patronised by the tdenlific commnnify."— if w^y 
y0umal. 

Text Booli of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By Henry 
M. NoAD, Ph.D., F.R.S., F.C.S. New Edition, carefully Reyiscd. With an 
Introduction and Additional Chapters, by W. H. Preecx, M. I.CE., Vice-PresklcBt 
of the Society of Tel^raph Engineers, &c. With 470 Illustrations. Crown 8vo^ 
I2J. 6d. cloth. 



«« 



The original plan of thb book has been carefolly adhered to to as to make it a reflex of the 1 
state ofelectrical science, adapted for students. . . . Discovery seems to have procrcssed with marveCous 



strides ; nevertheless it has now apparently ceased, and practical applications nave com a enced thdr 
career ; and it is to give a faithful account of these that this fresh edition of Dr. Noad't valnable teat* 



book is launched {ox^:*^ Extract from Introductiam by IV, if. Preece. Btq. 

" We can recommend Dr. Noad*s book for dear style, great range of subject, a good iadea, aad a 

plethora of woodcuts. Such collections as the present are mdispensable.'''— i4<A«»tfWM. 

"An admirable text-book for every student— beginner or advanced— of electricity.''— J&vm 

" A most elaborate compilation of the facu of electricity and magnetism.'*— /'is^tK^r^cimer Ra 

"Dr. Noad*s text-book has earned for itself the repuUtion of a truly scientific masval Cor the 
student of electricity, and we gladly hail this new amended edition, which brings it once motv to the 
front. Mr. Preece as reviser, with the assisUnce of Mr. H. R. Kempe and Mr. J. P. Edwards^ hn a dd e d 
all the practical results of recent invention and research to the admuable theoretical expositions of tW 
author, so that the book is about as complete and advanced as it is possible for any book to be, wilha 
the imiu of a text-book."— 7V/r/r4t/«iV yottmal. 

Geology and Genesis. 

THE TH^IN RECORDS OF CREA TION; or, Geology and Genesis. 
their Perfect Harmony and Wonderful Concord. By GXORGB W. victor LB Vaux. 
Numerous Illustrations. Fcap. 8vo, $s. cloth. 

" A valuable contribution to the evidences of revelation, and dinotes very coochisivdy of the 
ments of those who would set God's Works against God's Word. Mo real difficulty is sluikod, 
sophistry is left unexposed."— ZAr Reek. 

" The remarkable peculiarity of this author is that he combines an unbounded admiralioii of 
with an unbounded admiration of the Written record. The two impulses arc balanced to a niocty 
the consequence is that difficulties which to minds lets evenly poi«ed would be tmiom fiad 
solutions of the happiest kinds."— Z^rn^^i* Review. 

Dr. Lardner*s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardrcr. 

328 Illustrations. Sixth Edition. One VoL, y, 6d, cloth. 



"A very convenient class-book for junior students in private schools. It is intended to 1 
clear and precise terms, general notions of all the principal divisions of Physical SdcBoe."— '^r«Ai«l 
Quarierfy Review, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. With 
190 Illustrations. Second Bldition. One Vol., y. 6d. cloth. 

"Gearly written, well arranged, and excellently iUttStrated.'*-— C«nf<nMr^» Ckrtmicle. 

Dr. Lardner's Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New Edition. 
Revised and Re-written by £. B. B&IGHT, F.R.A.S. 140 Ulustrations. SsmII 
8yo, 2x. 6d, cloth. 

One of (he 'nost readable books extant On the Electric Telegraph.**— iT^V^'f A iteckemic. 
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Lightning. 

THE ACTION OF LIGHTNING, and the Means of Defending Life 

and Property from its Effects. By Major A. Parnell, R.E. i2mo, ^s, 6d. cloth. 

'* Maior Pamell has written an original work on a scientific subject of unusual interest : and he has 
prefaced his arguments by a patient and almost exhaustive citation of the best writers on the subject in 
the English language." — Atkenaum, 

The Blowpipe, 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY, Containing all known Methods of Anhydrous Analysis, many Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut -Colonel W. A. 
Ross, R.A., F.G.S. With 120 Illustrations. Cr. 8vo, 3/. 6^. doth. \Just published. 

Contents. 



tions of Metals and Alloys. — IX. On Pyrological 
Mineralogy and a New Specific Gravitoroeter.— 
X. Inner Calcium-pyroborate Balls, " Chemical 
Water." &c.— XI. Rationale of Onter and Inner Ball 
Formation in Boric Acid before the Blowpipe. — 
XII. Frieberg Qualitative Examples. 



Chap. I. Manufacture of Blowing Apparatus. — 
II. Constructionof Pyrological Lamps.— III. Sup- 
ports and Apparatus.— IV. On Auxiliary Appara- 
tus. — V. On the Structure and Management of 
P>rocones.— VI. On Pyrological Reagents.~VII. 
On Reagents and Simple Mineral Analyses. ~ 
VIII. First Operations: Aluminium-plate Reac- 

"The student who goes conscientiously through the course of experimentation here laid down will 
gain a better insight into inorganic chemistry and mineralogy than it he had ' got up ' any of the best 
text-books of the day, and passed any number of examinations in their contents.'* — Chemical News, 

The Military Sciences. 

AIDE-MJ&MOIRE TO THE MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the different Services. 
Originally edited by a Committfe of the Corps of Royal Engineers. Second 
Edition, roost carefully revised by an Officer of tne Corps, with many Additions ; 
containing nearly 350 Engravings and many hundred Woodcuts. Three Vols., royal 
8vo, extra cloth boards, and lettered, £^ los, 

"A compendious eocyclopmdia of military knowledge, to which we are greatly indebted."— ^i/it- 
burgh Review. 

''The most comprehensive work of reference to the military and collateral sdences.** — Volunteer 
Service Ga»eite, 

Field Fortification, 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING, 
By Colonel I. S. Macaulay, late Professor of Fortification in the R.M. A., Wool- 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, izs, 
complete. 

Conohology. 

MANUAL OF THE MOLLUSC A; A Treatise on Recent and Fossil 

Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by Ralph Tate, 

A.L.S., F.G.S. With niimerotts Plates and 300 Woodcuts. Handsomely bound 

in doth boards, 7^. 6d. 

" A most valuable storehouse of conchological and geological information.** — Hardwicke's Science 
Geuip, 

Astronomy. 

ASTRONOMY. By the late Rev. Robert Main, M.A., F.R.S., formerly 

Radcliffe Observer at Oxford. Third Edition, Revised and Corrected to the present 

Time, by William Thynne Lynn, B.A,, F.R.A.S., formerly of the Royal 

Observatory, Greenwich. i2mo, 2s, cloth limp. 

"A sound and sample treatise, very carefully edited, and a capital book for beginners.*'— jr«<«>Zr^(f. 
*' The present edition seems to have been carefully and accurately brought down to the requiremenu 
of the present time by Mr. 'Lyon.^-^Edncational Times, 

Geology. 

GEOLOGY, Physical and Historical. Consisting of '* Physical Geology," 

which sets forth the Leading Principles of the Science ; and " Historical Geology,*' 

which treats of the Minerafand Organic Conditions of the Earth at each successive 

epoch, especial reference being made to the British Series of Rocks. By Ralph 

TATE, A.L.S., F.G.S., &c., &c. With over 250 Illustrations. i2mo, 5j. cloth 

boards. 

*' The fulness of the matter has elevated the book into a manual. Its information is exhaustive and 
well arranged."— «ScA0#/ Beard Chronicle. 
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DR. LARDNER'8 HANDBOOKS OF NATURAL PHILOSOPHY. 

%* 7*ki folicwing fitfi volumes » though each is Complete in itself^ and to be purchased 
separately^ form A Cohpletb Course of Natural Philosophy. The style is studi' 
ously popular. It has been the author's aim to supply Manuals for the Student^ the 
Engineer^ the Artisan, and the superior classes in Schools, 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Benjamin Loewy, F.R.A.S. With 378 lUostrations. Post 8vo, 6x. 
cloth. 

" The perspicuity of the original has been retained, and chapters which had beoone obsolete haw 
been replaced by others of more modem character. The explanations throughout are studiously popular, 
and care has been taken to show the application of the various branches of physics to the industrial aic^ 
and to the practical business of life." — Mining Journal, 

" Mr. Loewy has carefully revised the book, and brought it up to modem requirements.*' — ykfmwt. 

" Natuial philosophy has had few exponents more able or better skilled in the art of popalarLang the 
•nbiect than Dr. Lardner ; and Mr. Loewy is doing good service in fitting this treatice, and the others 
of tne sericfla for use at the present tuacJ*-^co/smmM, 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and Enlai^ged by Benjamin Loewy, F.R.A.S. With 236 
Ulnstrations. Post 8yo, $/. doth. 

" For those 'who desire to attain an accurate knowledge of physical science without the mofeand 
methods of mathematical investigation,* this woric is not merely intended, hut well adapted. **->-ClMmai/ 
Unift. 



"The volume before us has been carefully edited, augmented to nearly twice the bulk of the fi 
^tion, and all the most recent matter has been added. . . . It b a valuable text-book." — y*tmrw, 

'* Candidates for pass examinations will find it, we thmk, specially suited to their requirements."'-* 
Emilish Mechamc, 

THE HANDBOOK OF HEAT. Edited and almost entirely rewi itte n 
by Benjamin Loewy, F.R.A.S., &c 117 Illustrations. Post 8to^ 6s. doth. 

"The style is aI^sljs clear and precise, and conveys instmction without leaving any cloudiness or 
luricing doubts behind. — Engineering, 

** A most exhaustive book on the subject on which it treats, and is so arranged that it can be under- 
stood by all who desire to attain an accurate knowledge of physical science. . . . Mr. Loewy has 
included all the latest discoveries in the varied laws and effects of heat."~5'/«Jt^n/. 

'* complete and handy text-book for the use of students and general readen."— AiiffM Mechmme. 

THE HANDBOOK OF OPTICS. By DiOKvsius Lardner, D.CL., 

fonnerly Professor of Natural Philosophy and Astronomy in University CoUc^, 
I^ondon. New Edition. Edited by T. Olver Harding, B. A. Lond. , of University 
College, London. With 298 Illustiations. Small 8vo, 448 pages, 5/. doth. 

"Written by one of the ablest English scientific writers, beautifully and elaborately illustrated.** 
—Mechanic's Magaaine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS. By Dr. Lardner. New Edition. Edited by Geo. Ca&ky Foster, 
B. A., F.C.S. With 400 Illustrations. Small 8vo» 5x. doth. 

"The book could not have been entrusted to anyone better calculated to preserve the terse and 
lucid style of Lardner. while correcting his errors axid bringing up his wcrfc to the present state off 
scientific knowledge.'*-~/'<s^»Zrir Scimc§ Rrmrw, 



Dr. Lardner's Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY, Forming a Companion to 
the "Handbook of Natural Philosophy." By Dionysius Lardner, D.C.L,, 
fonnerly Professor of Natural Philosopny and Astronomy in University College, 
London. Fourth Edition. Revised and Edited by Edwin DuNKiN, F.R.A.S., 
Royal Observatory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In One Vol, small 8vo, 550 pages, gs. 6d, doth. 

"Probably no other book contains the same amount of information in so compendious and wdl* 
azfanged a form~certainly none at the price at which this is offered to the public"— X<AiM«»M. 

" We can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general — but at the same time correct—acqaaintaace 
with uus suUime science.**— ^aMr/«r^ y^nmal 0/ Scitnce. 

" One of the most deserved popular books op the subject . . . We would recommend^ noC only 
the student of the elementary pnndples of the science, but ha who aims at mastering the higher and 
mathematical branches of astronomy, not to be without this work beside him."— /^nv/Mw/ MagmMme. 



NATURAL PHILOSOPHY AND SCIENCE. 



as 



DR. LARDNER'8 MUSEUM OF SCIENCE AND ART. 

THE MUSEUM OF SCIENCE AND ART. Edited by DIONYSIUS 
Lardner, D.C.L., fonnerly Professor of Natural Philosophy and Astronomy in 
University College, London. With upwards of 1,200 Encravings on Wood, in 6 
Double Volumes, £1 is,, in a new and elegant cloth oinding ; or handsomely 
bound in half morocco, 31J. 6(/. 

Contents : 

The Planets: Are they Inhabited Worlds?— 
Weather Pro^ostics— Popular Fallacies in Ques- 
tions of Physical Science— Latitudes and Longi- 
tnde^^Lunar Influences— Meteoric Stones and 
Shooting Stars — ^Railway Accidents— Light — Com- 
mon Things : Air— Locomotion in the United 
States— Cometary Influences — Common Things : 
Water— The Potter's Art— Common Things: Fire 
—Locomotion and Transport, their Influence and 
Progress — The Moon — Common Things: The 
Earth— The Electric Telegraph— Terrestrial Heat 
—The Sun — Earthquakes and Volcanoes — Baro- 
meter, Safety Lamp, and Whitworth's Microme- 
tric Apnuratus— Steam— The Steam Engine — The 
Eye— The Atmosphere — Time — Common Things : 
Pumpa- C ommon Things: Spectacles, the Ka- 
leidoscope — ^Clocks ana Watches — Microscopic 
Dimwing and Engraving — Locomotive— Thermo- 



meter— New Planets! Leverrier and Adams's 
Planet — Magnitude and Minuteness — Oaamon 
Things : The Almanack— Optical Images — How 
to ouerve the Heavens — Common Thmn: The 
Looking-glass— Stellar Universe— The Tides- 
Colour — Common Things : Man — Magnifying 
Glasses— Instinct and Intelligence — The Solar 
Microscope — The Camera Lucida — The Magic 
Lantern — ^The Camera Obscura — The Microscope 
— ^The White Ants : Their Manners and Habits — 
The Surface of the Earth, or First Notions of 
Geogrswhy— Science and Poetry — ^The Bee- 
Steam Navigation — Electro-Motive Power^Thun- 
der. Lightning, and the Aurora Borealis — ^The 
Printing Press — The Crust of the Earth — Comets 
—The Stereoscope— The Pre-Adamite Earth-* 
Eclipse*— Sound. 



Opinions of the Press, 



the 
g»' 



" This series, besides affording popular but sound instruction on scientific subjects, with which 
humblest man in the country ought to be acquainted, also undertakes that teaching of ' Common Thin^_ 
which every well wisher of his kind is anxious to promote. Manv thousand copies of this serviceaible 
publication have been printed, in the belief and hope that the desire for instruction and improvement 
«n«l*lv mnewBtls • aful we have no fear that such enlirhtened &ith will meet with disanftotntment.**— 



widely prevails ; and we have 00 fear that such enlightened &ith will meet with disappointment.' 
Tinut, 

" A cheap and interesting publication, alike informing and attractive. The papers combine subjects 
of importance and great soentific knowledge, considerable inductive powers, and a popular style of 
treatment. "-^S>tf^/a/^. 

"The * Museum of Science and Art ' is the most valuable contribution that has ever been made to 
the Scientific Instruction of every class of society."— Sir David Brbwstbk, in the North British 
Rgvitm. 

'* Whether we consider the liberality and beauty of the illustrations, the charm of the writing, or 
the durable interest of the matter, we must express our belief that there is hardly to be found among the 
new books one that would be welcomed by people of so many ages and classes as a valuable present."— 
Examiner, 

*,• Separate hooks formed from the above, suitable for Workmen* s Libraries, 

Science Classes, ^c. 

Common Things Explained. Containing Air, Earth, Fire, Water, Time, Man, 
the Eye, Locomotion, Colour, Clocks and Watches, &c 233 Illustrations, cloth 
gat, 5J. 

The Microscope. Containing Optical Images, Magnifying Glasses, Origin and 
Description of the Microscope, Microscopic Objects, the Solar Microscope, Micro- 
scopic Drawing and Engraving, &c. 147 Illustrations, cloth gilt, 2s, 

Popular Qeology. Containing Earthquakes and Volcanoes, the Crust of the 
£arth, &c. 201 Illustrations, cloth gilt, 2x. ttd. 

Popular Physics. Containing Magnitude and Minuteness, the Atmosphere, 
Meteoric Stones, Popular Fallacies, Weather Prognostics, the Thermometer, the 
Barometer, Sound, &c. 85 Illustrations, cloth gilt, os, 6d, 

Steam and its Uses. Including the Steam Engine, the Locomotive, and Steam 
Navigation. 89 Illustrations, cloth gil^ 2s, 

Popular Astronomy. Containing How to observe the Heavens. The Earth, Sun, 
Moon, Planets. Light, Comets, Eclipses, Astronomical Influences, &c. 182 Illus- 
trations, 4f. 6d, 

The Bee and White Ants : Their Manners and Habits. With Illustrations of 
Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, 2x. 

The Electric Telegraph Popularized. To render intelligible to all who can 
Read, irrespective of any previous Scientific Acquirements, the various forms of 
Telegraphy in Actual Operation. |00 lUustrations, cloth ^It, ix, (>d. 
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MATHEMATICS, GEOMETBT, TABLES, etc. 



PraGtioal Mathematica. 

MA THEM A TICS FOR PRA CTICAL MEN: Being a Common-place 
Book of Pure and Mixed Mathematics. Designed chiefly for the Use of Civil 
Engineers, Architects, and Surveyors. Part I. Pure Mathematics— comprising 
Arithmetic, Algebra, Geometry, Mensuration, Trigonometry, Conic Sections, 
Properties of Curves. Part II. Mixed Mathematics — comprising Mechanics in 
general. Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, Mechanicftl 
Agents, Strength of Materials. With an Appendix of copious Lc^garithmic and 
other Tables. By Olinthus Gregory, LL.D., F.R.A.S., Enlarged by Hemry 
Law, C.E. 4th Edition, carefully revised by J. R. Young, formerly Professor of 
Mathematics, Belfiast Collie. With 13 Plates, 8vo, £1 is. doth, 

^ *The engineer or architect will here find ready to his hand rules for solving nearly vn ay mathfinatical 
difficulty that may arise in his practice. The rules are in all cases explauied by means of examples, ia 
which every step of the process is dearly worked out" — Builder, 

" One of the most serviceable books for practical mechanics. . . . Professor Young has modernised 
the notation throughout, introduced a few paraeraphs here and there, and corrected the numeroos typo> 
papbical errors which have escaped the eyes ot the former Editor. The book is now as comi^cte as it 
IS possible to make it. It is an instnicuve book for the student, and a Text-book for him wbo, *^ 



once mastered the subjects it treats of, needs occasionally to refresh his memory upon them." — BuUdim^ 
Nron, 

"As a standard work on mathemadcs it has not been ezceUed."— /f r^/s««. 

Metrical Units and Systems, &c. 

MODERN METROLOGY: A Manual of the Metrical Uniis and 
Systems of the present Century. With an Appendix containing a proposed English 
System. By Lowis D*A. Jackson, A.M. Inst. C.E., Author of "Aid to Survey 
Practice," &c Laxge crown 8vo, I2x. dd. cloth. 

" The author has brought together much valuable and interesting information. ... The m^n 
object of the work appears to be the discusuon of a remedy for the evils of the complex systems of weights 
and measures which are unfortunately still in use in this country. To provide such a remedy tt a senou 
ask, and one well worthy of the aitentton of a great statesman such as Mr. Gladstone, to whom the wor 
is inscribed. . . . We cannot but recommend the work to the consideratioa of all interested ia the 
practical reform of our weights and measures."'— JV<s/Mrr. 

" For the large collection of measures brought together, the author supplies the French sdentific 
equivalents, in terms of the metrical system. He also gives throughout a double set of £iiglia>h 
equivalents, the first of which he calls the ' Commercial Measures,' and the second the * Scteotific 
Value.* . . . There is no doubt as to the great amount of labour that must have been devoted to the 
calculation ; and the juxtaposition of the two values affords an easy means of checking the work by 
comparison.** — A thtmtum. 

** For exhaustive tables of equivalent weights and measures of all sorts, and for dear demoastratioas 
of the effects of the various systems that have been proposed or adopted, Mr. Jackson's treatise is 
without a rival.'*- Acadfmy. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British Standard 
Measures and Wdghis are compared with those of the Metric System at present in 
Use on the Continent. By C. H. DowLiNG, C.E. Second Edition, RcTiicd and 
Enlarged, Svo, lOr. 6d. strongly bound. 

** Their accuracy has been certified by Professor Airy, the Astronomer-RoyaL*'— ^etlUrr. 

*' Mr. Dowling*s Tables, which are well put together, come just in time as a ready redcoocr for die 
conversion of one system into the other." — AthtHmum. 

Qeometry for the Architect, Engineer, &c. 

PRACTICAL GEOMETRYJor the Architect, Engineer, and Mechanic, 
Giving Rules for the Delineation and Application of various Geometrical Lines, 
Figures, and Curves. By E. W. Tarn, M. A., Architect, Author of " The Science 
of Building," &c. Second Edition. With Appendices on Diagrams of Strains 
and Isometrical Projection. With 172 Illustrations, demy Svo, 9/. cloth. 

'* No book with the same objects in view has ever been published in which the clearness of the mles 
aid down and the illustrative diagrams have been so satisfactory." — Scotsman, 

** This is a manual for the practical man, whether architect, engineer, or mechanic . • . The 
object of the author being to avoid all abstruse formulae or complicated methods, and to enable perse 
with but a moderate knowledge of geometry to work out the problems required."— £#^f^«A Msck^mic 
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Comfirehenaive Weight Calculator. 

THE WEIGHT CALCULATOR j Being a Series of Tables upon a 
New and Comprehensive Plan, exhibiting at one Refeience the exact Value of any 
Weight from i lb. to 15 tons, at 300 Progressive Rates, from id, to i68x. per cwt, 
and containing 186,000 Direct Answers, which, with their Combinations, consisting 
of a single addition (mostly to be performed at sight), will afford an aggregate of 
10,266,000 Answers ; the whole being calculated and designed to ensure correct- 
ness and promote despatch. By Henry Harben, Accountant, Sheffield, Author 
of " The Discount Guide." An entirely New Edition, carefully revised. Royal 
8vo, strongly half-bound,;^ i 5^. 

*' A pnurtical and ueftil work of reference for men of btutinest fenerally ; it is the best of the kind w% 
have seea. We have frequeaily beeo asked if auch a work as this could be obtained, and therefore refer 
to It with pleasure."— /rvnjwMifvr. 

^ '* Of pricelos value to business men. Its accuracy and coro|>leteneas have secured for it a reputation 
which renders it quite unnecessary for us to say one word in its praise. It is a necessary book in all 
mercantile oSiOt^ —SJUJIitU IndePtnJnU, 

" An enormous amount of labour must have been bestowed upon the preparation of the table^ but 
the result is a aeries which gives the answers sought more readily than any of iu predecessors."— Affiu'v 
JmtmaL 

Comprehenaiue Discount Guide. 

THE DISCOUNT GUIDE, Comprising several Series of Tables for 
the use of Merchants, Manufacturers, Ironmongers, and others, by which may be 
ascertained the exact Profit arising from any mode of using Discounts, either in the 
Purchase or Sale of Goods, and the method of either Altering a Rate of Discount, 
or Advancing a Price, so as to produce, by one operation, a sum that will realise any 
required profit after allowing one or more Discounts : to which are added Tables of 
Profit or Advance from \\ to 90 per cent. Tables of Discount from i} to gSJ per 
cent., and Tables of Commission, &c., from \ to 10 per cent. By Henry Harben, 
Accountant, Author of " The Weight Calculator." New Edition, carefully Revised 
and Corrected. Demy 8vo, 544 pp., half-bound, £\ 51. 



tf 



' All these tables are well arranged and clearly printed, and the collection will be found of great 
value in those buuneases for which the book has been especially wm^t!^** —Engitutring, 

" A book such as this can only be appreciated by business men, to whom the saving of time meant 
saving of money. We have the high authority of Professor J. R. Young that the Ubles throughout the 
wofk are constructed upon strictly accurate pnnciples. The work is a model of typographical clearness, 
and must prove of great value to merchanu, manufacturers, and general traders."— i?ri/txA Tmdg 
ypumoL 

" Much time and labour will be saved by the u«e of this book e ven to the most expert arithmetician. 
The great practical utility of the ' Discount Guide ' will no doubt make it a standard work of 
reference.'*— XmhAw Commercial Reeerd, 

Iron and Metal Trades* Calculator. 

THE IRON AND METAL TRADES' COMPANION: Being a 
Calculator, containing a Series of Tables upon a New and Comprehensive Plan, for 
expeditiously ascertaining the Value of any Goods bought or sold by Weight, from u. 

Esr cwt. to 112s, per cwt, and from one farthing per pound to one shilling per pound, 
ach Table extends from one pound to 100 tons ; to which are appended Rules on 
Decimals, Square and Cube Root, Mensuration of Superficies and Solids, &c. ; 
also Tables of Weights of Materials, and other Useful Memoranda. By Thomas 
DOWNIB. Strongly bound in leather, 396 pp., 9^. 

" A most useful set of tables, and will supply a want, for nothing like them before tMSlbtAJ^-^BuiUimg 



" \inil save the possessor the trouble of making numerous intricate calculations. Although specially 
adapted to the iron and metal trades, the tables contained in this handy little companion will be found 
uaenil in every other business in which merchandise is bought and sold by weight."— i?«i/iM;y Airwt. 

Praotical Geometry. 

THE GEOMETRY OF COMPASSES; or, Problems Resolved by the 
mere Description of Circles, and the use of Coloured Diagrams and Symbols. By 
Ouver Byrne. Coloured Plates. Crown 8vo, y. td, cloth. 

** A very useful work, which will be valued by all who are pursuing the useful and fascinating study 
of geometry.*— /«»». 

"The treatise is a good one, and remarkable— like all Mr. Byrne's contributions to the science of 
cometry— for the lucid character of iu teaching."— ^w/itftn/' Nnu. 

** The problems in this useful book are cleverly worked out by beautifully coloured and uncoloured 
■grams. It will no doubt be extensively circulated. We highly recommend it **^Cmmbridg€ Ex/mt, 
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AjlT :F STAI^^fAiriXJ : A Practical Handbook of Ou 




A'i:t3.-Tirarf xf Sir-£ mm£ Sr^ Snzi^^ - rilsS SActs, o-¥. Indoding many N 

if X ZazcsT rtt ne iLs .-iqi c£ GlVcaiBe firom Waste Le^ By 
iTT/AxEbac rf - S>ctro-Me£ai:ii2y PnctuaDj Treated," *c. 




THE A.kT CF leather JfAXZ'FACTCRE: Bdi^ a Piactical 
ficz^rrtT^rtC. rL v^.i:^ nie C^Knr>?s» d TaBssag, C ai i tiug, and Leather Dreeing 
ribrl, a&i tbe PraefrCcs oC Taasix^ EzplaiBedy and many Recent 
r:*r3)ari; k ajso JiC^.bsds far iIm Esdmatkn of Tannin, and a 
rjot ac lbs Aats oc Glae Bolsg. Gat Dressnig, &c. By Al.EXAinxBE 
Watt. Arsiar cc - So«=v>tik=5£:^'' *• ELeccro-McfaZsigT," Ac; With nrnmcroas 



JfECHAXrCAL DEXT/STRV: A Practical TrraHst on ike Comstwnc- 

snjm r-'ii^ rer-a^j i=c£: if A^^'L-izJ I>r9f*rzM. Comprising also Csefal Focnnlje, 
TxrCis xa£ Rfio=::rc$_>.-c GrVi FUie, Cxs^ SoWos. ic, &c. By Cbaklxs 

Rrraed. WzUi npvards of lOO Wood Eagravings. 



to an 




Brewing. 

A HASDBOOK FOR YOUXG BREWERS. By Hbrbkut Edwakts 
Wright, B.A. Crown Sro, y. 6i/. doth- 

**Tkis EiiSe vxskxae, ccwtaiai^ s=c>i a lazcc «»c«»t of food aenae ia 
A 'tati£ to every bre««rf' P^?^ ^=^ ***T ^^ 1'*^'* passed dot 

••The book is wrr deufr wmteo, x-^i t»ie antbrr has ^^KKxasfaUj 
to bear npoo tbe Tariciis tg u c r wc s aei i«rai'-A of brr»^r>c. To the Toan^ 
of «Dd» a beck as ih» i« ca!culaiod to 6z g:od, for it wiJ lead hioi to mqoare 
but why k should be doi«."-i?» 




Boot and Shoe Making. 

THE ART OF BOOT A\D SH0E'3fA R^/XC : A Practical Hand- 
book, including Measurement. Last-Fitting, Catting-Ont, Closing and Making, 
with a Description of the most approved Machinery Employed. By JoHK B» 
Lbxo, late Editor of St. Cns/t\ and Tke B9oi and Skc^Maker. Wl»h ■nm ci u.* 
Illiistrations. Crown Sto. [Hoarfy 



INDUSTRIAL AND USEFUL ARTS. 27 

Electroplating, Ao. 

ELECTROPLATING: A Practical Handbook. By J. W. UrqUHART, 
C£. With namerous lUustrationa. Crown 8vo, 5/. cloth. 

"The volume is without a liTal in its particular sphere, and the lucid st^Ie in which it is written com- 
mends it to those amateum and experimental electrotypers who have hut skght, if any, knowledge of the 
inocesses of the art to wUch Uiey turn their attention." — Design and Work. 

** The information nven upears to be based on direct personal knowledge. Its science ts 

sound and the style is always QXtwc^—Athenaum. 

Eleotrotyping, &o. 

ELECTROTYPING : The Reproduction and Multiplication of Printing 

Sutfaces and PVorks of Art by tAe Electro-deposition of Metals, By J. W. Urquhart, 

C« E. Crown Svo, 51. cloth. 

" The book is so thoroui^hly practical, that it assumes to start with an entire ignorance on the reader's 
Mft of electricity. He is, therefore, conducted through it* leading laws, then through the metals used 
\y clectiotypers, the apparatus, and the depositing processes, up to the final preparation of the work." — 
Artyoumal. 

In this work the author enters syitematicallir and thoroughly into every department of the process, 
in the style of one who combines theory with practice. We can recommend this treatise, not merely to 
anuiteurs, but to those actually engaged in the tnde,**'~CAemtcal Newu 

Eleotrio Lighting. 

ELECTRIC LIGHT: Its Production and Use. Embodying Plain Directions 
for the Treatment of Voltaic Batteries, Electric Lamps, and Dynamo-Electric Ma- 
chines. By J. W. Urquhart, C.E., Author of *' Electroplating : A Practical 
Handbook." Edited by F. C. Webb, M.I.CE, M.S.T.E. Second Edition, 
revised, with large Additions and 128 Illustrations, yx. 6d. cloth. 
"The book is by far the best that we have yet met with on the subject*' — AtkemeufH. 
** It is the only work at present available, which gives in language intelligible for the most part to 
the ordinary reader, a general but concise history of the means which have been adopted up to the 
present time in producing the electric light. .... A chapter on the comparative cost of the electric 
ught and gas contains much valuable and interesting information.*'— Jifr/rv>9iirV«i». 

"The book contains a general account of the means adopted in producing the electric light, not 
only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric machine in 

several of its forms An important addition to the literature of the electric light. Students of 

the subject should not fail to read it." — Colliery Guardian, 

Electro-Metallurgy. 

ELECTRO-METALLURGY ; Practically Treated. By Alexander 
Watt, F.R.S.S. A. Eighth Edition, Revised, with Additional Matter and Illustra- 
tions, including the most recent Processes. i2mo, 3^. 6d, cloth bds. 

" From this book both amateur and artisan nuiy learn everything necenary for the successful pro- 
Mcntion of electroplating." — Inm, 

"A practical treatise for the use of those who desire to work in the art of electro-deposition as a 
business.^'— J?M^/iiA Mechanic. 

Siiueramiths' Work, 

THE SILVERSMITH* S HANDBOOK. Containing full Instructions 
for the Alloying and Working of Silver, including the different modes of Refining 
and Melting the Metal, its Solders, the Preparation of Imitation Alloys, Methods 
of Manipulation, Prevention of Waste, Instructions for Improving and Finishing 
the Surface of the Work, together with other useful Information and Memoranda. 
By George E. Gee, Jeweller, &c. With numerous Illustrations. i2mo, 3^. 6</. 
cloth boards. 

" The chief merit of the work is its practical character. . . The workers in the trade will speedily 
discover its merits when they sit down to study it" — English Mechanic. 

*' This work forms a valuable sequel to the an thor*s ' Goldsmith's Handbook,* and supplies a want long 
felt in the silver trade. "«5'*7«vr«Mf Mr' Trade yeumal. 

Qoidamitha' Work. 

THE GOLDSMITH'S HANDBOOK. Containing fiiU Instructions in 
the Art of Alloying, Melting, Reducing, Colouring, Collecting and Refining. The 
processes of Manipulation, Recovery of Waste, Chemical and Physical Properties of 
Gold, with a New System of Mixing its Alloys ; Solders, Enamels, and other 
useful Rules and Recipes, &c. By George E. Gee. Second Edition, consider- 
ably enlarged. i2mo, y, 6d, cloth boards. 

" A good, sound, technical educator, and will be generally accepted as an authority. It gives full 
particulan tm mixing alloys and enamels, is essentially a book for the workshop, and exactly fulfils the 
purpose intended. "~/^0rv/(«SpVa/ Jaurnal, 

The best work yet printed on iu subject for a reasonable price. We have no doubt that it will 
speedily become a standard book which few witt care to be without "^-^'ov/ikr and Metaiworker, 
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CHBMICAL MANUFACTURES AHD COMMERCE 



The Alkali Trade, Manufacture of Sulphuric Acid, Ae. 

A AfANUAL OF THE ALKAU TRADE, including the Manufacture 
of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. By JOHN LOMAS, 
Alkali Manufacturer, Newcastle-upon-Tyne and London. With 232 IllostratioDs 
and Working Drawings, and containing 386 pages of Text. Super-ro]ral Svo^ 
f 2 I2J. fid. doth. 

*«* This work provides (i) a Complete Handbook for intending Alkali and Sul- 
phuric Acid Manufacturers, and for those already in the field who desire to ia^nove 
their plant, or to become practically acquainted with the latest processes and devdop- 
roents of the trade : (2) a Handy Volume which Manufactureis can put into the hands 
of their Managers and Foremen as a useful guide in their daily rounds of duty. 

Synopsis of Contents : 

Chap. I. Choice of Site and General Plan of 
Works— IL Sulphuric Acid— III. Recovery of 
the Nitroeen Compounds, and Treatment of Small 
Pyrites— TV. The Salt Cake Process— V. Legisla- 
tion upon the Noxious Vapours Question— VI. The 
Harfreaves' and Jones* Processes— VII. The Ball- 
ing Process— VI II. Lixiviation and Salting Down 
—IX. Carbonating or Finishing -X. Soda Crys- 

"The author has given the fullest, most practical, and, to all coaoenied in dia alkali Inde, 
valuable mass of informauon that, to our knowledge, has been published in any laagoage***— >."' '~ 



tals-XI. Refined Alkafi-XII. Canstic 
XIII. Bi-carbonate of Soda— XIV. 
Powder— XV. Utalisatioa of Tank Waste— XV] 
General Remarks — Four Appendices, 
Yields, Sulphuric Acid Caloil«ri<wi«, Am 
and Foreign Legislation apoa the N< 
Vapours Question. 




an 

6Uly 



"This book is written by a manufacturer for manufacturers. The wofking detaib of the a< 
proved forms of apparatus are given, and these are accompanied by no less than ajs wood engi 
of which may be used for the purposes of construction. Every step in the manufacture is 
described in this manual, and each improvement explained. Bverythiog which tends to 
economy into the technical details of this trade receives the fullest attention? '—AtAnM H tm. 

"The author is not one of those clever compilers who, on short notice, will 'read up' any 
cetiraible subject, but a practical man in the best sense of the word. We find here not aeielya 
luminous explanation of the chemical principles of the trade, but a notice of numerous nut 
have a most imporunt bearing on the successful conduct of alkali works, but which are gcactaUy 
looked by even the most experienced tedmological authors.**— CA#at/(r«/i?mlr«v. 

Commercial Chemical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANALYSIS; 
or, Practical Instructions for the determination of the Intrinsic or Commercial Valne 
of Substances used in Manufactures, in Trades, and in the Arts. By A. Nokjcandt* 
Author of " Practical Introduction to Rose's Chemistry,'* and Editor of Row's 
'* Treatise on Chemical Analysis." New Edition, Enlarged, and to a great extent 
re-written, by Henry M. Noad, Ph.D., F.R.S. With numerous lIlastntiaBs. 
Crown Svo, 12/. M, doth. 

" We recommend this book to the careful perusal of everyone : it may be trvly affnacd to be of 
universal interest, and we strooglv recommend it to our resders as a gukle, atika indispcuaUa to ika 
housewife as to the phannaceutiMl practitioner."— Af^t^o/ Timtt, 

" Essential to the analysts appointed under the new Act. The most recent results arc givca, aad ihn 
work is well edited and carefully written.*'— iV«/afrr. 

Dye-Wares and Colours. 

THE MANUAL OF COLOURS AND DYE^WARES : Their Pf^-^ 
pertUs, Applications^ Valuation^ Impurities^ and Sophistications, For the nse of 
Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slatkr« Seoond Editioa, 
Revised and greatly Enlaiged, crown 8to, 71. &L doth. 

\* This book contains a description of about Six Hundred Colours, Chfinicak, 
and Drugs used in the Tinctorial Arts, and thdr Sourer s, Applications^ and pnwiblc 
Impurities. 

" A complete encyclopaedia of the muUtria tincioHa. The information given mpeciing cnck 
is fttll and precise, and the methods of determining the value of articles such as these, so iiahle to 
t'catioo, are given with clearness, and are practicafas well as valuable.*'— CAnw^r/ «wf/>racgM<. 

'* Practical dyers, ftc, will welcome the work in iu improved form. There is no other w«rk Is tl» 
language which covers precisely the same ground. To tedinolflcical ttudeau prepeiing fiar 
taons in dyeing and printuig it will prove exceedingly useful."— C^Msibi/ Ni — 
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AGRICULTURE, LAND MANAGEMENT, etc. 



Youatt and Burn's Complete Grazier. 

THE COMPLETE GRAZIER, AND FARMER'S AND CATTLE- 
BREEDER*S ASSISTANT. A Compendium of Husbandry ; especially in the 
departments connected with the Breeding, Rearing, Feeding, and General Manage- 
ment of Stock ; the Management of the Dairy, &c. With Directions for the Culture 
and Management of Grass Land, of Grain and Root Crops, the Arrangement of 
Farm Offices, the use of Implements and Machines, and on Draining, Irrigation, 
Warping, &c. ; and the Application and Relative Value of Manures. By William 
Youatt, Esq., V.S. Twelfth Edition, very considerably enlarged and brought up to 
the present requirements of Agricultural Practice by Robbrt Scott Bqrn, Author 
of "Outlines of Modem Farming/* "Landed Estates Management," "Farm 
Management," "The Lessons of My Farm," &c. One large Svo Volume, 860 pp., 
with 244 Illustrations, £1 is, half-bound. 

" The stAodardaod text-book with the farmer and grazier." — Farmers* Ma£azitu, 

"A treatise which will remain a standard work on the subject as long as British agriculture 
endures.*'— ifar/l Lane Expreu (First Notice). 

"The book deals with all departments ofagriculture, and contains an immense amount of valuable 
information. It is, in fact, an encyclopaedia of agriculcure put into readable form, and it is the only work 
equally oomDrehensive brought down to present date. Ic is excellently printed on thick paper, and strongly 
bound, and desenres a place m the library of every agriculturist." — Mark Lane £jr>rvM (Second Notice). 

"Mr. Robert Scott Burn, an agricultural writer, whose knowledge of the departments of agriculture 
ka« kmg beni recognised, is the present editor of this standard book, and he has spared no pains in 
collecting such lulditionau information as very materially and usefully augments the sixe of the volume. 
• • « No point or detail of any importance is omitted from the index." — Daily Telegrafk, 

" Of great value to the farmer, more especially to the young cattle breeder and feeder. . . . 
This esteemed work is well worthy of a place in the libraries of agriculturists."— JVi»r/A Bridth 
Agriculinritt. 

"A valuable repertory of intelligence for all who make agriculture a pursuit, and especially for 
those who aim at keeping pace with the improvements of the age. . . . The new matter is of so 
valuable a nature thai the volume is now aimast entided to be considered as a distinct work."— ^///V 
Mettemger, 

Modern Farming. 

OUTLINES OF MODERN FARMING, By R. Scott Burn. 

Soils, Manures, and Crops — Farming and Farming Economy — Cattle, Sheep, and 
Horses — Management of the Dairy, Pigs and Poultry — Utilization of Town-Sewage, 
Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., half.bound, profusely 
Illustrated, 12s. 

"The aim of the author has been to make his work at once comprehensive and trustworthy, and in 
this aim he has succeeded to a degree which entitles him to much cifsdAl»**—Memin£ Aaveriiser, 

" Eminently calculated to enlighten the agricultural community on the varied subjects of which 
treats, and hence it should find a place in every farmer's library."— C/// Frets, 

" No Cizmer should be without this book.'*— Asu^rr Gnardidn, 

Agrioultural Engineering. 

FARM ENGINEERING. Comprising Draining and Embanking; Irri- 
gation and Water Supply ; Farm Roads, Fences, and Gates ; Farm Buildings, their 
Arrangement and Construction, with Plans and Estimates ; Bam Iniplements and 
Machines ; Field Implements and Machines ; Agricultural Sunreying, Levelling, &c. 
By Prof. John Scott, Editor of the *' Farmers'^C^asette," late Professor of Agricul- 
ture and Rural Economy at the Royal Agricultural College, Cirencester, &c., &c. 
In One Vol., about 1,300 pages, half- bound, with over 600 Illustrations, 12s. 

[Just publiskid. 

Amateur Farming. 

THE LESSONS OF MY FARM : A Book for Amateur Agriculturists. 
Being an Introduction to Farm Practice, in the Culture of Crops, the Feeding of 
Cattte, Bianagement of the Dairy, Poultry, and Pigs, and in the Keepiag of Farm- 
work Records. By Robert Scott Burn, Author of <* Landed EsUtes Manage- 
ment," <*Farm Management," and Editor of **The Complete Grazier." With 
nnmeroos Illustrations. [A New and Enlarged Edition in preparation. 

"A most complett introductieB to tht whole round of fimnia; pncticc."— 7M» Bnll. 
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English Agriculture. 

A TEXT-BOOK OF AGRICULTURE (ike Fields ^ Great 

adapted to the Syllabus of the Science and Art Department. For Elementary and 

Advanced Students. By Hugh Clements (Board of Trade). iSmo^ ax. 6^. doth. 

" A clearly written dcacriptioo of the Ofdiaary roatioe of English Cvm-Iife.**>-J 
** A moftt compreheouve volume, giving a mass of informatioa.* — AgricuUttrml . 



" It is a long time since we have seen a book whidi has pleased as more, or which coBtaias sadl a 
vast and useful fuiid of knowledge.*' — Sduceitumai Timet. 

Agricultural Data. 

NOTE'BOOJC OF AGRICULTURAL FACTS AND FIGURES, for 
Farmers and Farm Students, Comprising Snrveyinff and Levelling, Wdghts and 
Measures, Machinery and Buildings, Labour, Soils, Manures, Crops, Feeding* 
Dairying, Live Stock, Miscellaneous. By Primrose McConnell, Fellow of the 
Highland and Agricultural Society ; Diploma of the Agricultural Society of F.ngland ; 
late Professor of Agriculture, Glasgow Veterinary CoU^e. Royal 32mo ohloog, 
leather, with itrap, 41. 



'* It is full of very valuable information. Fanners' sons and other yoatfas who wish to 
at home or abroad, might, even before their school eduatioo is completed, becom e broiliar with 
and figures fumisfaued in this interesting and valuable little book.**— ilArn^rw Frtt Pm*. 

Hudson's Land Valuer's Pocket-Book. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables on a 
very much improved Plan, for Calculating the Value of Estates. With Tables for 
reducing Scotch, Irish, and Provincial Customary Acres to Statute Measure, ftc 
By R. Hudson, C.E. New Edition. Royal 32mo, leather, gilt edges, clastic 
band, 4/. 



"This new edition includes tables for ascertaining the value of leases for any term of years s 
or showing how to lay out plots of ground of certain acres in forms, square, round, &c., with valuable 
rules for ascertaining the probable worth of sundipg timber to any amount ; and is (^incalculable valve 
to the country gentleman and professional man." — Farmer^ ycumat, 

Ewart's Land Improver's Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULAE, 
TABLES, and MEMORANDA required in any Comfutaiien relating to the Per^ 
manent Imfrcvement of Landed Property. By John Ewart, Land Surveyor and 
AgriciUtural Engineer. Royal 32mo, oblong, leather, gilt edges, with clastic 
band, 4/. 

"A compendious and handy little rcAumt **—S/ictatar. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COMPLETE 
POCKET-BOOK. Consisting of the above Two Works bound together. Leather, 
gilt edges, with strap, ^s. 6d, 

" We consider Hudson's book to be the heat readyreckoner on matters relating to the valoatioa ai 
land and crops we have ever seen, and its combination with Mr. Ewait's work greatly rahsnrcs the 
value and usefulness of the latter-mentioned. .... It is most nseful as a manual for t e fawjct ."— > 
N^riA ffEngiand Fmrmer, 

Farming Accounts. 

THE BRITISH FARMER'S LABOUR AND GENERAL AC- 
COUNT BOOK. Weekly Receipts and Expenditure, Half-Vearly Summaries of 
Receipts and Expenditure, and a Farmer's Annual Balance Sheet, showing at oae 
view profit or loss at the year's end, together with a Diary of Daily Occurrences, 
Engagements, Notes, &c. By W. C. Bell. Folio, 3x. 6a. doth. 

Potato Culture. 

POT A TOES: How to Grow and Show them, A Practical Guide to the 
Cultivation and General Treatment of the Potato. By Jambs Pink. With 
Illustrations. Second Edition. Crown 8vo, 2s, cloth. 

" A well'Wfittcn little volume. The author gives good practical iastnictioos under both di^ 
hit sub)ect **^Agri€^ttHrai Ga uiie* 
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GABDENING. 

far/y FruiU, Flowers and Vegetables. 

THE FORCING GARDEN; or, How to Grow Early Fruits, Flowers, and 
Vegetables. With Plans and Estimates for Building Glasshouses, Pits and Frames. 
Containing also Original Plans for Double Glazing, a New Method of Growing the 
Gooseberry under Glass, &c., &c., and on Ventilation, Protecting Vine Borders, &c. 
With Illustrations. By Samuel Wood. Crown 8vo, y. 6d. doth. 

" A good book, and fairly fiils a place that was in some degree vacant. The book is written with 
great care, and contains a great deal of vaduable teaching.*' — Gardeners' Mageudne. 

'* Mr. Wood's book is an original and exhaustive answer to the question, ' How to Grow Early 
Fruits, Flowers and Vegetables?' "^Lattd and lyater. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING j or. How to Grow 
V^etables, Fruits, and Flowers. With Practical Notes on Soils, Manures, Seeds, 
Planting, Laying-out of Gardens and Grounds, &c. By S. Wood. Third Edition, 
with considerable Additions, &c , and numerous Illustrations. Crown 8vo, ^s. cloth. 
" A very good book, and one to be highly recommended as a practical guide. The practical direc- 
tioiu are exceUent." — Atkenetum, 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the plain, simple, 
and trustworthy information it gives on common matters too often n^g\tcitd.**—Gardenert^ CArvnicU. 

Gainful Gardening. 

MULTUM'IN^PARVO GARDENING; or, How to make One Acre of 
Land produce ;£'620 a.year, by the Cultivation of Fruits and Vegetables ; also, How 
to Grow Flowers in Three Glass Houses, so as to realise ;f 176 per annum clear Pro- 
fit. By Samuel Wood, Author of "Good Gardening," &c Third Edition, re- 
vised. With Wood Engravings. Crown 8vo, 2s, cloth. 
*' We are bound to recommend it as not only suited to the case of the amateur and gentleman's gar- 
dener, but to the market grower." — Gardeners' Magazine. 

" Of all the practical guides to the amateur, as well as being invaluable to most gardeners, Mr. Wood's 
book is the most accurate and concise." — Horticultural Record* 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, and 
Amatcur^s Complete Guide, With Illustrations. By Samuel Wood. Crown 8vo, 
V. 6d. cloth. 

'*This volume contains a good deal of sound, common- sense instruction." — Florist, 

*' Full of shrewd hints and useful instructions, based on a lifetime of experience."— vTr^/xiMUMi. 

Bulbs. 

THE BULB GARDEN; or, How to Cultivate Bulbous and Tuberous- 
rooted Flowering Plants to Perfection. A Manual adapted for both the Professional 
and Amateur Gardener. By Samuel Wood, Author of ** Good Gardening," &c 
With Coloured Illustrations, Plans, and numerous Wood Engravings. Crown Svo, 
31. 6d, cloth. 
** Supplies the want which has hitherto existed of any sufficiently modem work of the kind. The 

book o>ntains praaical suggestions as to the arrangement of the flowers, and the growth of flower-rcots 

for the trade, as well as for amusement."— ^a/wnfo/ Review, 

Receipts for Gardeners. 

GARDEN RECEIPTS. Edited by Charles W. Quin. i2mo, is. dd. 

cloth limp. 

" A singularly complete collection of the principal receipts needed by gardeners.*'— FatTw^r. 
*' A useful and handy book, containing a good aeal of valuable information." — Atheneeum, 

Kitchen Gardening. 

THE KITCHEN AND MARKET GARDEN. By Contributors to 

•' The Garden." Compiled by C. W. Shaw, Editor of ** Gardening Illustiated." 

12mo, 3j. 6^. cloth boards. 

•,• " Mr. W. Falconer and Mr. C. W. Shaw made, in connecdon wiih the Garden newspaper, what we 

believe to be the first attempt at Ion? and systematic observation of the best culture as it is in London 

market-gardens. The result is embodied in this book, which also conuins the practice of iJie best private 

gardeners in Y.ng\9XiA**— Extract from Preface. 

"The most valuable compendium of kitchen and market-garden work published. ~/^anw/r. 

Cottage Gardening. 

COTTAGE GARDENING; or^ Flowers, Fruits, and Vegttables for 
Small Gardens, By E. Hobday. i2mo, is. 6d, cloth limp. 

" Definite instructions as to the culdvation of small gaLtdeM,**'^Scotsman. 
*' Contains much useful info rmation at a small charge."->c;^«jevw iitratd. 
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AUCTIONEERING, ESTATE AGENCY, etc. 
Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUER 'S POCKET ASSISTANT, for the 
Valuation for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c By JOHN Wheeler, 
Valuer, &c. Fifth. Edition, Re-written and greatly Extended by C NOREis, Sur- 
veyor, Valuer, &c. Royal 32mo, 5^. cloth. \Ju5t pubiuhed, 

"A neat and concise book of reference, containing an admirable and clearlv-amnced list of prices 
for inTentories, and a very prau:tical guide to determine the value of hirniture, icc**~^t^iidanL 

** Cram full of valuable infotmation of practical value. It is a trustworthy and compendioas guide to 
all sorts of valuation." — /mntrance Agent, 

" Contains a large quantity of varied and useful information as to the valuation for purchase, sale, or 
renewal of leases, annuities and reversions, and of property generally, %rith prices for mvcatories, 
guide to determine the value of interior fittings and other effects." — Buiider, 
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Auctioneering. 

AUCTIONEERS: Their Duties and Liabilities. By ROBERT SQUIBCS, 
Auctioneer. Demy 8vo, lox. 6d, cloth. 

" The position and duties of auctioneers treated compendiously and clearly.'*— i?iwZi£rr. 
" Mr. Squibbs writes with evident knowledge of his subject, and shrewd comnion*sease. Ris book 
should be useful to young auctioaeexs, and serviceable for reference even to old ones."-> Jor/raM*. 
" Every auctioneer ought to possess a copy of this excellent work." — Irommomger, 

" Of great value to the profession. . . . We readily welcome this book firom the &ct that it treats 
the subject in a manner somewhat new to the profession." — EtttUet Cmutte, 

House Property. 

HANDBOOK OF HOUSE PROPERTY: A Popular and Practical 
Guide to the Purchase^ Mortgage, Tenancy, and Compulsory Sale of Houses and 
Land, By E. L. Tarbuck, Architect and Surveyor. Third Ed., i2mo, y, 6d, doth. 

"The advice is thoroughly practical."— Z^ow ^^timal. 

"This is a well-written and thoughtful work. We commend the work to the carefiil atody of all 
Bterested in questions affecting houses and land."— Zawf Agetits* Rte^r^ 

Inwood's Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, FreehaU, 
Copyhold^ or Leasehold ; Annuities, Advowsons, &*e., and for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies, for 
Terms of Years certain, and for Lives ; also for Valuing Reversionary Estates, De- 
ferred Annuities, Next Presentations, &c. ; together with Smart's Five Tables of 
Compound Interest, and an Extension of the same to Lower and Intermediate 
Rates. By W. Inwood. 22nd Edition, with considerable Additions, and new and 
valuable Tables of Logarithms for the more Difficult Computations of the Interest 
of Money, Discount, Annuities, &c, by M. Fedor Thoman, of the Sod^te Credit 
Mobilier of Paris. i2mo, 8j. cloth. 

"Those interested in the purchase and sale of estates, and in the adjustment of compcoaatMm cases, 
as well as in transactions in annoitick, life insurances, &c., will find the present editioo of caiacMt 
wtrnot**^EfigiHegrini, 

'* ' Inwood's Tables ' still mountain a most enriable reputation. The new issue has been enridied by 
large additional contributions by M. F^or Thoman, whose carefully arranged Tables caaaoi fsil to be 
of the utmost utility.**— ^iWm!^ 7wnuU, 

How to invest 

HINTS FOR INVESTORS: Being an Explanation of the Mode of 
Transacting Business on the Stock Exchange. To which are added Commenu oa 
the Fluctuations and Table of Quarterly Average prices of Consols since 1759. 
Also a Copy of the London Daily Stock and Share List. By Waltke M. Plav- 
FORD, Sworn Broker. Crown 8vo, 2x. doth. 
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'A clearly^written book, by one who eviiently knows the sort of iaformatMn which the 
likely to want.*— ZAyrf '* Nnut. 

*' A plain, clear, derer, buriaess-Uke espbaatioa of a subject which is not so oftea udcmood 
■hOttkl be/*^3fttro^titan. 

*'An invaluable gaiA^ to iaTCStors and specuktors bcmvstsd ta Sto€k Eachaag* 
MMllioftut, 



SIJJeale'B Kulrimetttara «5tiies. 




A NEW LIST OF 

WEALE'S SERIES 

OF 

RUDIMENTARY SCIENTIFIC WORKS. 



*»■" WEALE'S SERIES includes Text-Books on almost eveiy branch of Science 
ftitd Induatrjr, comprising such subjects u Agiicultuic, Architecture and Uuilding, Civil 
Engineering, Fine Arts, Mechanics and Mechanical Engineering, Physical and Chemical 
Science, and many misceltancous Treatises. The whole are constantly undergoing revi- 
sion, and new editions, brought up lo the latest discoveries in scienlific research, an; 
constantly issued. Tbe prices at which they are sold are as low as their excellence is 
axsored." — AmtrUan Lilttary Caittli. 

" Amongst the literature of technical education, Weale's Serifs has ever enjoyed 
a high reputation, and the additions being made by Messrs. Crosbv Lockwood & Co, 
render the series even more complete, and bring the informalioo upon the several subjects 
down to the present time." — Mi/ting youmal. 

" Any persons wi!.hine to acquire linowledge cannot do betler than look through 
Wkalx's Series and get all the books they require. Tbe Series is indeed an inexhaus- 
tible mine of literary wealth." — The MetrapviUan. 

"Wbai-e's Series has become a standard as well as an unrivalled collection of 
treatises in all branches of art and science." — Public Opinion. 

"The excellence of Weale's Series is now so well appreciated, that it would be 
wasting our space to enlarge upon their general usefulness and value," — Builder. 

" It is not too much to say that no books have ever proved more popular with, or 
more useful to, young engineers and others than ibe excellent treatises comprised in 
Weale's St.ms:'— Engineer. 

" A standard and pooular collection ot treatises in all branches of science and art, 
written by practical men.' — /run and Ceal Trades Kevirw. 

" A collection of technical manuals which is unrivalled." — Weekly Dislslch. 
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WEALE'S B UDIMENTABY SGIENTIHG SERIES. 

%* The volumes of this Series are freely Illastrated with Wood- 
cats, or otherwise, where requiate. Throughout the following List it most 
be understood that the books are bound in limp cloth, unless othenrise 
stated ; but tkt voluma marked unth a X <"^/ ^^o be had strougly bound 
iu cJoih boards for 6d» extra, 

N,B. — im ordering from tkis List it is recommended, as a means of 
facilitating business and obviating error, to quote ike numbers affixed to the 
voiumes, as weli as the titles and prices. 



CIVIL ENGINEERING, etc. 

•19. CIVIL ENGINEERING. By Henry Law, M. Inst. C.E. 
Induding a Treatise on Hydraulic Engineering by G. R. Burnell. 
M.I.C.E. Seventh Edition, revised, with Large Additions on Recent 
Practice by D. Kinnear Clark. M. Inst. CE. 6f. 6</.. doth boards . 7/6 

** Aa adainbitt volamc^ which we wannly recommend to young cngineefs.**— ^aaZtfrr. 
" One of die best rudimentary mannah of engineering in existence.**— %Sc»/nM«. 

99. THE DRAINAGE OF DISTRICTS AND LANDS. ByG. 

Drysdalb Dempset. C.E. . . [New Edition in preparation. 

30. THE DRAIN A GE OF 70 WNS AND B UILDINGS. By 

G. Drtsdale Dempset, C.E. New Edition. Illustrated 3/6 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A.. and G. R. Burnell, C.E. Revised Edition. With a New 
Appendix on ihe Qualities of Water. Illustrated 9/0 

** Solid practical informaiioo. written in a concise and lucid style. The work can be reoomnaided 
as a text-book for all sunreyon, architects, ftc.*'— /r«« attd Coat Trades Review. 

35. THE BLASTING AND QUARRYING OF STONE, 

for Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By GeiL SirJ. Burgoyne. K.C.B. x/6 

8o». EMBANKING LANDS FROM THE SEA. With Examples 

and Particulars of actual EmbankmenU. &c. By John Wiggins, F.G.^ . a/o 

8t. WATER WORKS, for the Supply of Cities and Towns. Wth 

a Description of the Principal Geological Formations of England as influencing 
Supplies of Water ; and Details of Engines and Pumping Machineiy for 
raising Water. By Samuel Hughes, F.G.S.. CE. Enlarged Edition . . 4/ct 
" All interested in water undertakings would do well to study W^—yommai of Cat Lifting, 
** Everv one who is debating how his village, town, or city shall be plentifully supplied with pure 
water should read this book.**— AVcnosx/^ ComroMt, 

„7. SUBTERRANEOUS SURVEYING. By Thomas Fen- 
wick. Also the Method of Conductini; Subterraneous Surveys without the use 
of the Magnetic Needle, and other modem Improvements. By T. Baker, C«E. 9/6$ 

xx8. CIVIL ENGINEERING IN NORTH AMERICA, A 

Sketch of. By David Stevenson. F.R.S.E., ftc. Plates and Diagrams. . 3,^0 

X97. ROADS AND STREETS {THE CONSTRUCTION 0F\ 

m Two Parts : I. The Art of Constructing Common Roads, by H. 
Law. C.E., Revised by D. Kinnear Clark, C.E. ; II. Recent Practice 
in tue 0>nstiucti0ti of Roads and Streets : Including Pavementsof Stone, Wood, 
and iXsphaltc. By D. Kinnear Clark, M.Inst. C.E ^I^X 

"A book whi«.!i every borough surveyor and engineer must possess, and which will be of coosideiaUe 
service to architects, builders, and property owners generally." — Buildimf^ New*. 

^.SANITARY WORK IN THE SMALLER TOWNS 

ASD IN VILLAGES, A useful book for Members of Local Boards and 
Rural Sanitary Authorities. Health Officers. Engineers, Surveyors, Builders, 
and Contiactors. By Charles Slagg, Assoc. M. Inst. C.E. Second 
Edition, revised and ealarved 3'ot 

'* This is a very useful book. 1 l.cr eat dea of work required to be done in the saaQcr towaa 

and villages, and ihia little volume will help those who are willing to do iL*'— ^M*/i£rr. 

The X indicates thai these vols, may be had strongly bonndat 6d, extra. 
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Civil Engineering, etc., continued. 

sia. THE CONSTRUCTION OF GAS WORKS, and ihe Manu- 
facture and Distribution of Coal Gas. Originally Written by Samufx Hughes, 
C.E. Sixth Edition, re-written and Enlarged by William Richards, C.E. 4/6 J 
"The work is exhaustive in its character, and therefore will be found of infinite service alike to 

manufacturers, diatrtbutors, and consumers of the aroclc.''---F«7rr»M« Engineer, 

213. PIONEER ENGINEERING: A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Countries. 
By Edward Dobson, A.I. C.E. With numerous Plates. Second Edition . 4/6 J 
" Mr. Dobson is familiar with the difficulties which have to be overcome in this class of work, and 
much of hit advice will be valuable to young engineers proceeding to our coXonws,**— Engineering. 

^ FOUNDATIONS AND CONCRETE WORKS. WithPrac- . 

tical Remarks on Footings, Planking, Sand, Concrete, B^ton, File-driving, 
Caissons, and Cofferdams. By E. Dobson, M.R.I. B.A. Fifth Edition , . 1/6 

60. LAND AND ENGINEERING SUR VEYING. Arranged 

for the Use of Schools and Private Students ; also for Practical Land Surveyors 
and Engineers. By T. Baker, C.E. New Edition, revised by Edward 
Nugent, C.E. Illustrated with Plates and Diagrams a/oj 

ax6. MATERIALS AND CONSTRUCTION: A Theoretical 

and Practical Treatise on the Strains, Designing, and Erection of Works of 
Construction. By Francis Campin, C.E. Second Edition, carefully revised. 3/ot 
** No better exposition of the practical application of the principles of construction has yet been 
pabbshed to our knowledge in such a cheap comprehensive form." —BuiUing News. 

167. A TREATISE ON THE APPLICATION OF IRON TO 

THE CONSTRUCTION OP BRIDGES, ROOFS, AND OTHER 
WORICS. By Francis Campin, C.E. Second Edition .... 2/6 J 
•'For numbers of young engineers the book is just the cheap, handy, first guide they want"— 
MiddUsborougA Weekly News. ^' Remarkably accurate and well written."— .<4r/i2rt«. 



MECHANICAL ENGINEERING, etc. 

33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, &c. By Joseph Glynn, F.R.S. x/6 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated . x/6 

59, STEAM BOILERS: Their Construction and Management. 

By R. Armstrong. C.E. Illustrated 1/6 

" A mass of information suitable for beginners." — Design and Work, 

8a. THE POWER OF WATER, as applied to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Joseph 
Glynn, F.R.S., &c. New Edition, Illustrated 2/0J 

98. PRACTICAL MECHANISM, and Machine Tools. By T. 

Baker, C. E. With Remarks on Tools and Machinery, by J. Nasmyth, C.E. a/6 J 

X39. THE STEAM ENGINE, a Treatise on the Mathematical 

Theory of, with Rules and Examples for Practical Men. By T. Baker, C.E. i/6 

"This volume, by Mr. Baker, a well-known authority, teems with scientific information in reference 
to the expansion of steam and the duty of the steam-engine, &c., &ic.^'— Design and Work. 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, Bridges, 
Cranes, Ship-building, &c. &c. By J. G. Winton. Illustrated . . . 3/0J 

"Whether for the apprentice determined to master his profession, or for the artisan bent upon raising 
himself to a higher position, this clearly written and practical treatise will be a great help." — Scotsman. 

X65. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. Numerous Woodcuts, a/6]; 
"A very useful and thoroughly practical little Yo\wsit."— Mining Journal. 

x66. POWER IN MOTION: Horse-power Motion, Toothed-Wheel 

Gearing, Long and Short Driving Bands, Angular Forces, &c. By James 

Armour, C.E. With 73 Diagrams a/6t 

"The value of the theoretic and practical knowledge imparted cannot well be over-estimated .'*— 
Neweetstle Weekfy Chronicle, 

- — - --^^-^^^» 

The X indicates that these vols, may be had strongly bound at 6 J, extra 
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Mechanical Engineering, etc., continued, 
171. TJIE WORKMAN'S MANUAL OF ENGINEERING 

DRA WING, By John Maxton, Instructor in Engineering Drawing, 
Royal Naval College, Greenwich. Fifth Edition. 300 Plates and Diagrams . 3/6X 
" A copy of it should be kept for reference in every drawing otEcc**''£Hguufritq^, 

190. STEAM AND THE STEAM ENGINE, Stationary and Port- 

able, An Elementary Treatise on. Being an Extension of Mr. SeweU's Treatise 
on Steam. By D. K. Clabk. C.E. Second Edition, revised. . • . 3/6^ 
"Every essential part of the subject is treated of competently, and in a popular tty1e.*'~/r«K. 

200. FUEL, ITS COMBUSTION AND ECONOMY. Con- 

sisting of an Abridgment of " A Treatise on the Combustion of Coal and the 
Prevention of Smoke." By C. W. Williams, A.I.C.E. With extensive 
Additions by D. Kinnear Clark, M. InsL C.E. Second Edition . . 3/6t 

" Students should buy the book and read it, as one of the most complete and satisfactory txeatisca om 
the combustion and economy of fuel to be bad.*' — Enginttr, 

20a. LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 

By G. D. Dempset, C.E. With large Additions treating of the Modem 
Locomotive, by D. K. Clark. M. Inst. C.E. With numerous lUustimtions • 3/0^ 
"A model of what an elementary technical book should be.**— yfca^^^rary. 

an. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 

plating, and Calculating Boiler Work and Tank Work. By J. Courtn&Y. 
Practical Boilermaker. Edited by D. K.Clark, C.E. 100 lUnstnulons • 9/0 

*' With very great care we have gone through the ' Boilermaker's Anistant,* and have to ny Aat it 
has our unqualified approval. Scarcely a point has been oxaxtttA." —Forrman Emgimeer, 
**The chief excellences of the book are its simplicity and brevity."— CW/mv^ Gmnnliiuu 

317. SEWING MACHINERY: Its Construction, History, &c. 

With full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. a/ot 

" A full description of the principles and construction of the leading machines, and mtoutc iastnK' 
lions as to their management." — Sco/sman, 

323. MECHANICAL ENGINEERING. Comprising Metallurgy. 

Moulding.Casting Forging, Tools, Workshop Machinery, Mechanical Maaipoki- 
tion. Manufacture of the Steam Engine, &c. By Francis Campin. CE. . a/6{ 
"A sound and serviceable text*book, quite up to date." — Building News. 

336. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 

Boiler- Yaid. By Francis Campin, C.E 3/ot 

" A sound and practical handbook for all engaged in the engineering trades.**— J9aaZ/Mtf^ W^rU. 

^yj, THE SMITHY AND FORGE, including the Farrier's Art 

and Coach Smithing. By W. J. E. Crane. lUtistrated 9/6^ 

"The first modem English book on the subject. Great fiains have been bestowed by the "whw 
upon the book ; shoeing smiths will find it both useful and interesting."— ^M'/dSrr. 

938. THE SHEET-METAL WORKER'S GUIDE: A Practical 

Handbook for Tinsmiths, Coppersmiths, Zincwoikers, &c, with 46 Diagrams 
and Working Patterns. By W.J. E. Crane 1/6 

" The author has acquitted himself with considerable tact in choosing his csaaDplcs, aad wkk a» 
less ability in treating them."— /'/arM^rr. 

a5i STEAM AND MA CHINE R Y MANA GEMENT: A Guide 

to the Arrangement and Economical Management of Machinery, with Hints 
on Construction and Selection. By M. Powis Bale, M.Inst.M.E., 
A.M.Inst.C.E. Authorof" Wood- Working Machinery, "&c [Jmst pihiisJUd. s/6* 

a54. THE BOILERMAKER'S READY RECKONER, with 

Examples of Practical Geometry and Templating far the Use of Platers, Smithy 
and Riveters. By John ^. ouRTNbY. Edited by D. K. CLARK, M.I.C.B. 
Second Edition, revised, with Additions .... {Just fmkitsJUd, 4/0 
*«* The abtnftt strongly hal/'bound, price 5/. 

MINING, METALLURGY, etc. 

4. MINERALOGY, Rudiments of: A concise View of ihc Proper- 
ties of Minerals. By A. Rams at Jun. Woodcuts and Steel Plates • . •set 

" The author throughout has displayed an intimate knowledge of his snbiect, and great ftcibiy fitr 
imparting that knowledge to others. The book is of great utility." — Mining JenrmmL 

The X indicates that these vols, may be had strongly bound at 6d, eseirt. 
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Mining, Metallurgy, etc., continued. 
X17. SUBTERRANEOUS SURVEYING, Elementary and Prac- 

tlcal Treatise on, with and without the Magnetic Needle. By Thomas 
Fbnwick, Surveyor of Mines, and Thomas Baker, C.E. Illustrated . a/ej 

133. METALLURGY OF COPPER: An Introduction to the 

Methods of Seeking, Mining, and Assaying Copper, and Manufacturing its 
Alloys. By Robert H. Lamborn, Ph.D. Woodcuts 2/6t 

104. METALLURG Y OF SIL VER AND LEAD. By Robert 

H. Lamborn. Ph.D. Woodcuts 2/6t 

X3S. ELECTROMETALLURGY, Practically Treated. By Alex- 
ander Watt. Eighth Edition, revised, with Additional Matter and Illustra- 
tions, including the most Recent Processes 3/0^ 

" From thi:( book both amateur and artisan may learn everything necessary.'* — Iron. 

173. MINING TOOLS, Manual of. For the Use of Mine 

Managers, Agents, Students, ftc. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines 3/6t 

xT%^.MINING TOOLS, ATLAS of Engravings to Illustrate the 

above, containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. . 4/6 

" Studenu in the Science of Mining, and Overmen, Captains. Managers, and Viewers may gain 
practical knowledge and useful hints by the study of Mr. Morgans' Manual."— C<7//f>r^ Cuaraian. 

X76. MEIALLURGY OF IRON. Containing History of Iron 

Manufacture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel. &c. By H. Bauekman, F.G.S., A.R.S.M. With 
numerous Illustrations. Fifth Ekiition, revised and much enlarged . . . 5/o{ 

"Carefully written, it has the merit of brevity and conciseness, as to less important points ; while all 
material matters are very fully and thoroughly entered into." — Standard. 

X80. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Wakington W.Smyth, M.A., F.R.S.. ftc. Chief Inspector of the Mines 

of the Crown. New Edition, revised and corrected. With numerous Illusts. 3'6{ 

"Every portion of the volume appears to have been prepared with much care, and as an outline is 
given of every known coal-field in this and other countries, as well ms of the two principal methods of 
working, the book will doubtless interest a very large number of readers.*' — Miniug JoumaL 

X9S. THE MINERAL SURVEYOR AND VALUER'S COM- 

PLETE GUIDE, Comprising a Treatise on Improved Minmg Surveying, 
with New Traverse Tables, and Descriptions of Improved Instruments ; Lay- 
ing-out and Valuing Home and Foreign Iron and Coal Mineral Properiits. By 
William Lintern, Mining Engineer. With 4 Plates, Plans, &c. . . 3/6^ 
*' Contains much valuable information, and is thoroughly trustworthy.** — Iron &• Coal TratUsRevietv, 

214. SLATE AND SLATE QUARRYING, ScieniifLC, Practical, 

and Commercial. By D. C. Davies. F.G.S., Mining Engineer, ftc. With 
numerous Illustrations and Folding Plates. Second Edition, carefully revised 3/0} 
" One of the be»t and best-balanced treatises on a special subject, having at once scientific, practical, 
and commeraaJ relations, that we have met with." — Engineer, 

aao. MAGNETIC SURVEYING AND ANGULAR SURVEY- 
ING, By William Lintern 2/0 

"This volume contains an enormous fund of information of great value.'* — Minimi Journal, 



ARCHITECTURE, BUILDING, etc. 
^f,, ARCHITECTURE— ORDERS— 'Y\i^ Orders and their 

iCsthetic Principles. By W. H. Leeds. Illustrated ... . x/6 

17. ARCHITECTURE— STYLES— Tht History and Descrip- 
tion of the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I. B. A., ftc. Illustrated . . a/o 
%• Orders and Styles of Architecture, in One Vol., y, 6d, 

x8. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. By Edw. Lacy Garbktt, Architect. Illustrated 2/6 
** We know no work that we would sooner recommend to an attentive reader desirous to obtain clear 
views of the nature of architectural art. The book is a valuable one.*'— Untlder, 
• • Tkeikree preceding Works in One handsome Vol., hall bound, entitled "MODERN 

* ARCHITECTURE/'/n« 6l. 

Tht { indicates that these vols, may be had strongly bound at 6d, extra. 
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Architecture, Building, etc., continued, 
2a. THE ART OF BUILDING, Rudiments of. General Prin- 

ciples of Construction, Materials used in Building, Strength and Use of Mate- 
rials, Working Drawings, Specifications, and Estimates. By Edward Dobson, 

M.R.I.BA.,&c. Illustrated s/oX 

"A good book for practical knowledge, and about the best to be obtained." — BuUdim^Kewt, 

as. MASONRY AND STONE CUTTING: Rudimentary Treatise 

on the Principles of Masonic Projection and their application to Construction. 

By Edward Dobson, M.R.I.B.A., &c. a/6X 

42. COTTAGE BUILDING; or. Hints for Improving the Dwel- 
lings of the Working Classes and the Labouring Poor. By C. Bruce Alxjen, 
Architect. Ninth Edition, enlarged. Numerous Illustrations . . • x/6 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MAS- 
TICS, PLASTERING, 6t. By G. R. Burnell, C.E. Twelfth Edition . x/6 

57. WARMING AND r^iV^r/Zyi776>iV: The General Principles 

of the art of Wanning and Ventilating Dome^ic and Public Buildings^ Mines, 
Lighthouses, Ships, &c. By Charles Tomlinson« F.R.S. Illustrated . 5/0 

XXX. ARCHES, PIERS, BUTTRESSES, &*c,: Experimental 

Essays on the Principles of Construction in ; made with a view to their bcu^ 
usefiU to the Practical Builder. By William Bland. Illustrated . . t/S 

116. THE ACOUSTICS OF PUBLIC BUILDINGS: or. 

The Principles of the Science of Sound applied to the purposes of the Architect 
and Bailder. By T. Roger Smith, M.R. LB. A.. Architect. Illustrated .1/6 

lay. ARCHITECTURAL MODELLING IN PAPER, The Art 

of. By T. A. Richardson. With Illustrations, engraved by O. Jbwitt . x/6 

ia8. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph GwiLT,F.S. A., F.R.A.S. With 23 Plates 5/0 

N,B, — This is the only Edition of ViTRtTVius procurable at a moderaU frict, 

X30. GRECIAN ARCHITECTURE, An Inquiry into the Prin- 

ciples of Beauty in ; with an Historical View of the Rise and Progress of the 

Art in Greece. By the Earl of Aberdeen z/o 

%* Tlu two preceding Works iu One handsome Vol., half bound, entitled "ANCIENT 

Architecture," /nVr 6*. 

X3a. DWELLING-HOUSES, The Erection of, Illustrated by a 

Persfiective View, Plans, Elevations, and Sections of a Pair of Villas, with 

the Specification, Quantities, and Estimates. By S. H. Brooks, Architect . a/6X 

156. QUANTITIES AND MEASUREMENTS, in Bricklayers', 

Masons', Plasterers', Plumbers', Painters', Paperhangers*. Gilders', Smiths*, 
Carpenters' and Joiners' Work. By A. C. Beaton, Surveyor . . . 1/6 
" This book is indispensable to builders and their quantity clerks." — EngiitA Sfecknmic. 

175. LOCKWOOD' S BUILDER'S AND CONTRACTOR'S 

PRICE BOOK for 1885 : containing the latest Prices.of Materials and Labour, 
and in all Trades connected with Building. With many useful Memonuada 
and Tables ; Revised and Edited by F. T. W. Miller, A.R.I.aA. . . 3/6 
*«* The above strongly half-bound in leather^ 4r. 

*' Recognised as an authority on matters connected with builders' materials and labour.**— ZamCt 
MtfXMry, 

'* Admits of easy reference, and contains ample tnformatioa on all points connected with the *"*«Hi*c 
and contracting busmesses.*' — Buildert* Weekly Re/orter. 

isa. CARPENTRY AND JOINERY— Iws. Elementary Prin- 
ciples OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions, and a TREATISE ON 
JOINERY by E. Wyndham Tarn, M.A. Numerous Ilhistrations . . 3,6X 

i8a» CARPENTRY AND JOINERY, ATLAS of 35 Plates to 

accompany and illustrate the foregoing book. With Descriptive Letterpress. 410 6> 

" These two volumes together form a complete treasury of carpentry and joinery, and Mr. Tara 
deserves the grratest praise for his skilfully-chosen addidons and improvements. The small vobme, al 
least, should be in the hands of every carpenter and joiner in the empire.'* — ir^n. 

The X indicates that these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued. 
185. THE COMPLETE MEASURER; setting forth the Measure- 

ment of Boaxds, Glass, ftc, &c. ; Unequal-sided, Square-sided, Octagooal-sided, 
Round Timber and Stone, and Standing Timt>er. Compiled for Timber- 

growers. Merchants, and Surveyors, Stonemasons, Architects, and others. 
jr Richard Hoston. Fourth Edition 4/0 

*«* The above, strongly bound in Uaihtr, price 5/. 

" We recommend the work to all foresters, and all who huy or sell timber, who will find it a hamdy 
correct, and valuable companion." — Journal p/ Forestry. 

X87. HINTS TO YOUNG ARCHITECTS. By George Wight- 
wick, Architect, Author of "The Palace of Architecture," &c., &c. New 
Edition, revised and enlarged by G. HusKissoN Guillaume, Architect. 3/6$ 

"Will be found an acquisition to pupils, and a copy ought to be considered as necessary a purchase 
as a box of instruments." — Architect. 

z88 HOUSE PAINTING, GRAINING, MARBLING, AND 

SIGN WRITING: A Practical Manual of, with a Course of Elementary 
Drawing for House Painters. Writers, &c., and a Collection of Useful Receipts. 
ByELUS A. Davidson. Third Edition. With Coloured Plates . . .5/0 

*«* The above in cloth boards, strongly bound, 6s, 
* A man of information of use to the amateur and of value to the practical xaan"''£u£lith Mechanic 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ; 
Pointing; Paving, Tiling. &c. By Adam Hammond. With 68 Woodcute . z/6 
" The young bricklayer will find it infinitely valuable to \am**~-Glasgov» Herald, 

X9X. PL UMBING : A Text-Book to the Practice of the Art or 

Craft of the Plumber, with above 330 Illustrations. By Wm. Paton Buchan, 
Sanitary Engineer. Fourth Edition, revised and enlarged .... 3/6{ 

"A text-book which may be safely put into the hands of every young plumber, and which will als* 
be found useful by architects and medical professors." — Builder, 

XM. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDER'S STANDARD GUIDE, By Richard E. Grandy. 
Second Edition, carefully revised and corrected . . . . ^ . . 3/0$ 

" Everythinjs it pretends to be : built up gradually, it leads one from a forest to a treenail, and throws 
in, as a makeweight, a host of material concerning bricks, columns, cisterns, &c"— English Mechanic, 

ao6. A BOOK ON BUILDING, Civil and Ecclesiastical. By Sir 
Edmund Beckett, Bart, LL.D., Q.C., F.R.A.S., Author of "Clocks and 
Watches and Bells," ftc. Second Edition, enlarged . • • • . 4/6$ 

"A book which is always amusing and nearly always instructive. The style throughout is in the 
highest degree condensed and epigrammatic'*— TVm^f. 

«i6. THE JOINTS MADE AND USED BY BUILDERS 

in the Construction of Various Kinds of Engineering and Architectural Works. 

By Wyvill J. Christy, Architect. With 160 Woodcuts 3/0J 

"As construction is mainly the putting together of pieces, the book, if it is not an epitome ol the 
builder's art, is not far from being so. There is no more useful volume in the series." — Architect, 

aas. THE CONSTRUCTION OF ROOFS, OF WOOD AND 

IRON : Deduced chiefly from the Works of Robison. Tredgold. and Humber. 
By E.Wyndham Tarn, M. A., Architect Second Edition, revised . . x/6 

" Mr. Tarn is so thoroushly master of his subject, that although the treatise is founded on the works 
of others, he has given it a distinct value of his own. It will be found valuable by all students." — Builder, 

229. ELEMENTARY DECORATION: A Guide to the Simpler 

Forms of Everyday Art, as applied to the Interior and Exterior Decoration of 
Dwelling Houses, ftc. By James W. Facey, Jun. lUusUated . . a/o 

" The principles which ought to guide the decoration of dwclling'houses are clearly set forth, and 
elucidated ixy examples ; while full instructions are given to the learner." — Scotsman. 

230. A PRACTICAL TREATISE ON HANDRAILING; 

Showing New and Simple Methods for finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up. &c. By Geo. Collings. With Plates . 1/6 
'* Will be found of practical utility in the execution of this difficult branch of joinery."— i^Mf/dSrr. 

247. BUILDING ESTATES: A Treatise on the Development, 

Sale, Purchitse. and General Management of Building Land. By F. M ait- 
land. With Plates and Woodcuts [Just published. 2/0 

" This book should undoubtedly be added to the library of every professional man dealing with 
building \»nA.**—L€tnd Ag^nfs Record. 

The X indicates that these vols, may be had strongly bound at 6d, extra* 
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Architecture, Building, etc., continued, 
^^, PORTLAND CEMENT FOR USERS. By Henry Faija, 

A.M. Iii5t.C.£. Second EditiOD. Corrected . . . [Jmst fvblisked. ^!o 
' The author is himself an authority on the subject of Portland cement, and his treaiiae nppliea ia a 
small compass all that is necessary to be known by users of cement.**— ^smA/iji^ AVwf. 

85a. BRICKWORK : A Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting; with the AppUca- 
tion of Geometry to Roof Tiling, &c. By F. Walker . [Jiut^UisMtd, I/6 

353. THE TIMBER MERCHANT'S, SA W MILLER 'S, AND 

IMPORTER'S FREIGHT BOOK AND ASSISTANT. By WiixiAM 
Richardson, Timber Broker ; together with a Chapter on "Speeds of Saw- 
MiU Machinery, by M. Powis Bale, M.I M.E.. &c. \Juit fmhUilud. ax>{ 

SHIPBUILDING, NAVIGATION, etc. 

SI. NAVAL ARCHITECTURE, an Exposition of the Elemen- 
tary Principles of the Science, and their Practical AppHcatioii. By JAMXS 
Peaks, School of N. A., H.M. Dockyard, Portsmoath 3/6$ 

5^\ SHIPS FOR OCEAN AND RIVER SER VICE, Elementary 

and Practical Principles of the Construction of. By H akon A. Somiierfblot. 1/6 

Si^^.AN ATLAS OF ENGRAVINGS to Illustrate the above. 

Twelve large folding Plates. Royal 4to, doth 7/6 

54. MASTING, MAST-MAKING, AND RIGGING OF 

SHIPS. Also Tables of Spars. Rigging, Blocks ; Chain. Wire, and Hemp 
Ropes, &c., relative to every class of vessels. By Robert Kippikg, N.A. o/ot 

54*. IRON SHIP-BUILDING. With Practical Examples and 

Details for the Use of Ship Owners and Ship Builders. By John Grantham, 
Consulting Engineer and Naval Architect. Fifth Edition . . • .4/0 

54»». AN ATLAS OF FORTY PLATES to Illustrate the above. 

Fifth Edition. Including important Examples, such as H.M. Steam Frigates 
" Warrior," «• Hercules," • ' Bellerophon ; " H.M. Troop Ship ''Scrapis," Iron 
Floating Dock, &c 4to, boards 38/0 

" M'. Grantham's work is of great interest. . . . It is also valuable as a record of the |w o ffeia of 
froa taipbuilding.*' — Engimetring. 

55. THE SAILOR'S SEA BOOK: A Rudimentary Treatise on 

Navigation. By James Greent^ood, B.A. With numerous Woodcuts 
and Coloured Plates. New and enlarged Edition. By W. H. Rosser . a,%t 

" I J perhaps the best and nmplest epitome of navigation ever compiled. The method of keepmg 
the log, and finding the latitude and longitude, is made so intelligible in this little vohnne that any 
person who is familiar with the four rules of arithmetic could readily master all the most neccssaiy 
problems in navigation by studying its pages." — Fuld. 

55 PRACTICAL NAVIGATION Consisting of The Sailor's 

& Sea-Rook, by James Greenwood and W. H. Rosser ; together with the 

304. requisite Mathematical and Nautical Tables for the Working of the Problems, 

by Henry Law, C.E. . and Professor J. R. Young. Illustrated with nuroeroos 
Wood Engravings and Coloured Plates. lamo, strongly half-bound in leather 7/0 

" A vast amount of tnfonnation is contained in this volume, and we fancy in a very short time that it 
will be seen in the library of almost every ship or yacht afloat." — Hunts Yachting Mmgmaint. 

*' From our own practical experience we can heartily recommend the book.*' — Navmi CkromicU. 

833/j. THE FORMS OF SHIPS AND BOA TS. By W. Bland. 

Seventh Edition, revised, with numerous Illustrations and Models . • .1.^ 

o NAVIGATION AND NAUTICAL ASTRONOMY, in 

Theoiy and Practice. By Prof. J. R. Young. New Edition. Illustrated . a^/6 



« 



A^ very complete, thorough, and useful manual for the young navigator **'—Ohtrtmtiffy. 



*' This handy and concise manual, with its pertinent auid lucid iuformatton.** — Ln«r/c«l . 

iu6. SHIPS' ANCHORS, a Treatise on. By George Cotsell. x/6 
149. SAILS AND SAII^MAKING. With Draughting, and the 

Centre of Effort of the Sails. Also. WeighU and Siaes of Ropes ; Masting, 
RigRing, and Sails of Steam Vessels, &c. By Robert Kipping, N.A. • a/6{ 

,55. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NA VIES. By a Practical Engineer. Revised by 
D. F. M'Cartht, late of the Ordnance Survey Office, Southampton . . 5^ 

13" Tkt \ imduata tkat tktst vols, may bt had sffwtgfy toumd mt 6d, gxira. 
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AGRICULTURE, GARDENING, etc. 
6i\ A COMPLETE READY RECKONER FOR THE AD- 

MEASUREMENT OF LAND, &c. By A. Arman. Second Edition, 
revised and extended by C. Norris, Surveyor, Valuer, ftc. \_yust publuhtd. a/o 

'I A very useful book to all who have land to measure." — Mark Lane Ex^est 
Should be in the hands of all persons having any connection with land.— /mA Fann. 

131. MILLER'S, MERCHANT'S, AND FARMER'S READY 

RECKONER, With approximate values of Millstones, Millwork, &c. . z/o 

" Will pove an indispensable V€uie mecum. Nothing has been spared to make the book complete and 
perfectly adapted to its special purpose."— i/x/^r. 

X40. SOILS, MANURES, AND CROPS, (Vol. I. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts a/o 

141. FARMING AND FARMING ECONOMY, Historical and 

Practical. (Vol. II. Outlines of Modern Farming.) By R. Scott Burn. 3/0 

" Eminently calculated to enlighten the agricultural community on the varied subjects of which 
treats ; hence it should find a place in every farmer's library."— Ci/j^ Freu, 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. III. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts . . 3/6 

" The author's grasp of his subject is thorough, and his grouping of facts effective. . . . We com* 
mend this excellent treatise.**— /fVr>fr{r DUpatck, 

,45. DAIRY, PIGS, AND POULTRY, (Vol. IV. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts . • . .3/0 

" We can testify to the clearness and intelligibility of the matter, which has been compiled from tha 
best authorities." — Lcmdpn Revirw. 

X46. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (VoL V. Outlines of Modern 

Farming.) By R. Scott Burn. Woodcuts ...... a/6 

" A work containmg valuable information, which will recommend itself to all interested in modern 
Uxttanz.'*-'FUld. 

OUTLINES OF MODERN FARMING. By R. Scott 

Burn, Author of "Landed Estates Management." *'Farm Management," 
and Editor of *'The Complete Grazier." Consisting of the above Five 
Volumes in One, 1,350 pp., profusely Illustrated, half-bound .... is/o 

The aim of the author has been to make his work at once comprehensive and trustworthy, and in 
this aim he has succeeded to a degree which entitles him to much credit." — Momtng Aatotttiur. 
"Should find a fJace in every fanner's library." — City Press, 
" No farmer should be without it." — Banbury Guardian, 

X77. FRUIT TREES, The Scientific and Profitable Culture of. 

From the French of M. Du Breuil. Third Edition, carefully Revised by 

George Glenny. With 187 Woodcuts 3/6t 

" The book teaches how to prune and train fruit trees to perfection."— /iV/</. 

198. SHEEP I The History, Structure, Econoiny, and Diseases of. 

By W. C. Spooner, M.R.V.C, &c. Fourth Edition, wiih fine Engravings, 

including Specimens of New and Improved Breeds. 366 pp 3/6{ 

" The book is decidedly the best of the kind in our language.'*— 5V0/««rttM. 

aoi. KITCHEN GARDENING MADE EASY. Showing the 

best means of Cultivating every known Vegetable and Herb, &c., with direc- 
tions for management all the year round. By Geo. M. F. Glenny. Illusirated 1/6^ 
"This book will be found trustworthy and useful.'*— AVr/A British Agriculturist, 

907. OUTLINES OF FARM MANAGEMENT, Treating of 

the General Work of the Farm ; Field and Live Stock ; Details of Contract 
Work; Specialities of Labour, ftc, &c. By R. Scott Burn, Author of 
"Outlinesof Modern Farming," &C. With Illustrations . . . • a/6$ 

'* The book is eminently practical, and may be studied with advantage by beginners in agriculture, 
while it contains hints which will be useful to old and successful farmers." — Scotsman. 

ao8. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Latds, Methods of Farming, the Setting-out of 
Farms and their Fields, Construction of Roads, Fences, Gates, &&, Irrigation, 
Drainage, Plantation. &c. By R. Scott Burn. With Iliustrations . . 3/6$ 

"A complete and comprehensive outline of the duties appertaining to the maaagement of landed 
estates." — y^umai of Forestry, 

*«* Nos, 307 6* 308 in One Vol., handsomely half-bound, entitled ** OUTLINES OP Landed 
Estates and Farm Management." By Robert Scott Burn. Price ts. 

The X indicates thai these vols, weay be had strongly bound at 6d, extra. 
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Agriculture, Gardening, etc., continued. 
,09. THE TREE PLANTER AND PLANT PROPAGATOR : 

With Dumerous Illustrations of Grafting, Layering, Budding, Cuttings, Useful 
Implements. Houses, Pits, &c. By Samuel Wood, Author of " Good 
Gardening/' Ac a/o$ 

" Sound in iu teaching and very comprehensive in its aim. It is a goftd book. ^^-(ktrtUntn* MtigmMim§, 
'The instructions are thoroughly practical and oamct.^—Norih British Agritnltmist. 

axo. THE TREE PRUNE R : Being a Practical Manual on the 

Pruning of Fruit Trees, including also their Training and Renomtion, also 
treating of the Pruning of Shrubs. Climbers and Flowering Pbmts. With 
numerous Illustrations. By Samull Wood, Author of *' Good Gardening," ftc. 2/^ 

" A useful book, written by one who has had trreat experience. "^AfoM £«««iur>yvM. 
" We recommend this treatise very highly.'*- North British AgricultuHst. 

*«* Nos. 209 6* aio in One Vol,, hanisomely half-bound, entitled "The Tbeb 
Planter, Pkopagator and Pruner." By Samuel Wood. Price 5*. 

ai8. THE HAY AND STRAW MEASURER: New Tables 

for the Use of Auctioneers, Valuers, Fanners, Hay and Straw Dealers, &c., 

forming a complete Calculator and Ready Reckoner. By John Steele . 2/0 

" A most useful handbook. It should be in every professional office where agricultural valoatioBS an 
coadacted."~ZrmK/^/]rM/*« Record. 

322. SUBURBAN FARMING : A Treatise on the Laying-out and 

Cultivation of Farms, adapted to the Produce of Milk, Butter and Cheese, Eggs, 
Poultry, and Pigs. By the late Prof. John Donaldson. With Additions, 
illustrating Modem Practice, by R. Scott Burn. With numerous lUustxatioiis 3/6} 
" An admirable treatise on all matters connected with dairy farms.'* — Litre Stoch yourmmi. 

^^i. THE ART OP GRAFTING AND BUDDING. By 

Charles Baltet. With Illustrations a/6{ 

" The one standard work on this %vih}ect.**--Scotsma$t, 

a3«, COTTAGE GARDENING; or, Flowers, Fruits, and Vege- 

tables for Small Gardens. By E. Hobday . . • • • • • z/6 

" Definite instructions as to the cultivation of ionall g»Tdeni.'*-~Scotsman. 
** Contains much useful information at a small charge."— <r^/vw IfenUd, 

933. GARDEN RECEIPTS. Edited by Charles W. Quin. ,/6 

"A singularly complete collection of the principal receipts needed by gardeners.*' — Pmrmer^ 
** A useful and handy book, containing a good deal of valuable information.**-*^ tkemenm. 

834. THE KITCHEN AND MARKET GARDEN. By Con- 

tributors to "The Garden." Compiled by C. W. Shaw .... 3/ot 

" The most valuable compendium of kitchen and market'garden work published.** — Fmrmer. 
*' A most comprehensive volume on market and kitchen-gardening." — Mark Lmne Ex/ms, 

839. DRAINING AND EMBANKING. A Practical Treatise. 

By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College. Cirencester. With 68 Illustrations . • . • 1/6 

" A valuable handbook to the mgtneer. as well as to the surveyor.** — Land. 

** This volume should be perused by all interested in tiiis important branch of estate tmproveacal-** 
^•Lmnd Agent's Record 

a4o. IRRIGATION AND WATER SUPPLY: A Practical 

Treatise on Waiter Meadows, Sewage Irrigation, Warping. Ac. ; on the Con- 
struction of Wells, Ponds and Reservoirs, &c. By Professor John Scott. 
With 34 Illustrations 1/6 

*' A valuable and indispensable book for the estate manager and owner.** — Forestry, 
** Well wortii the study of all farmers and landed ^eQigt\^Xasu**^Buildimg News. 

041. FARM ROADS, FENCES, AND GATES: A Practical 

Treatise on the Roads, Tramwa3rs, and Waterways of the Farm ; the Prin- 
ciples of Enclosures ; and the different kinds of Fences, Gates, and Stiles. 
By Professor John Scorr. With 75 Illustrations . [Just published, xf^ 

"Mr. ScoCt*a treatise will be welcomed as a concisely compiled handbook.'*-~^ar//!i/M^ News, 
**A useful practical work, which should be in the hands of every f»naer.**'-'Farmer. 

242. FARM BUILDINGS: A Practical Treatise on the Buildings 

necessary for variotis kinds of Farms, their Arrangement and Construction, 
wiUi Plans and Estimates. By Prof. John Scott. With 105 Illustiations . s/q 

'* The work of a practical man. No one who is called upon to design farm-buildings can afford to b« 
witbOBt this handy little ytrork."— Bui/der. 

''This book ought to be in the hands of every landowner and accnt.**— AVZi* Chrmiiele. 

The \ indicates that these vols, may be had strongly bound at 6d. extra. 
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Agriculture, Gardening, etc., continued. 
a43. ^AJ^N IMPLEMENTS AND MACHINES. Treating of 

the Application of Power to the Operaiions of Agriculture; and of the 
various Machines used in the Threshing-bam, in the Stock-yard, Dairy, &c. 
By Professor John Scott. With 123 Illustrations . . \Just published, a/o 

044. FIELD IMPLEMENTS AND MACHINES: A Practical 

Treatise on the Varieties now in use, with Principles and Details of Construc- 
tion and Points of Excellence, their Management, &c. By Prof. John Scott. 
With 138 Illustrations 9/0 

245. AGRICULTURAL SURVEYING: A Treatise on Land 

Surveying, Levelling, and Setting-out ; with Directions for Valuiog and Re- 
porting on Farms and Estates. By Ihrofessor John Scott. With 6a Illus- 
trations [Just published, 1/6 

839.) FARM ENGINEERING : By Professor John Scott. Corn- 
to r prising the above Seven Volumes in One, with about 1,300 pages, and over 600 
845) lUustraUons. Half-bound \Just published, za/o 

aso. MEAT PRODUCTION : A Manual for Producers, Distribu- 
tors, and Consumers of Butchers' Meat. By John Ewart, Author of "The 
Land Improver's Pocket- Book," &c. With numerous Illustrations . • a/6t 

" A compact and handy yolume on the meat question."— ^/r<t/ and Provision Trades* Review* 



MATHEMATICS, ARITHMETIC, etc. 
3a. MATHEMATICAL INSTRUMENTS, a Treatise on; in 

which their Construction, and the Methods of Testing, Adjusting, and Using 

them are concisely ExpUiined. By J. F. Heather, M.A., of the Royal 

Military Academy, Woolwich. Original Edition, in i vol., Illustrated . . 1/6 

\* In ordering the above, be careful to say " Original Edition," or give the number in 

th€ Series (32). to distinguish it from the Enlarged Edition in 3 vols. fNos,i6Sr^-7oJ, 

76. DESCRIPTIVE GEOMETRY, 2in Elementary Treatise on; 

with a Theoiy of Shadows and of Perspecrive, extracted from the French of 
G. MoNGE. To which is added a Description of the Principles and Practice 
of Isometrical Projection. By J. F. Heather, M .A. With 14 Plates . .a/o 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 315 Woodcuts . a/o 
"The author is well-known as an experienced professor, and the volume contains as complete a 
collection of problems as b likely to be required in ordiniiry \it9iaxaty— -Architect, 

83. COMMERCIAL BOOK-KEEPING With Commercial 

Phrases and Forms in English, French, Italian, and German. By Tames 
H ADDON, M.A., formerly Mathematical Master, King's College School . z/6 

84. ARITHMETIC, a Rudimentary Treatise on : with full Expla- 

nations of its Theoretical Principles, and numerous Examples for Practice. 
For the Use of Schools and for Self-Instruction. By J. R. Young, late 
Professor of Mathematics in Belfast College. Tenth Edition, corrected . . 1/6 

U,^,A KEY TO THE ABOVE. By J. R. Young . . . . x/6 

85. EQUATIONAL ARITHMETIC, applied to Questions of 

Interest, Annuities, Life Assurance, and General Commerce ; with various 
Tables by which all Calculations may be greatly facilitated. By W. Hipsley. a/o 

86. ALGEBRA, the Elements of. By James H addon, M.A., 

formerly Mathematical Master of King's College School. With Appendix, 
containing Miscellaneous Investigations, and a collection of Problems • a/o 

96\A KE Y AND COMPANION TO THE ABO VE. An 

extensive repository of Solved Examples and Problems in Illustration of the 
various Expedients necessary in Algebraical Operations. By J. R. Young . 1/6 

88. EUCLID, The Elements of: with many Additional Proposi- 

ft* tions and Explanatory Notes ; to which is prefixed an Introductory Essay on 

89. Logic. By Henry Law, C.E a/6{ 

*^* Sold also separately, vis. : — 

88. Euclid, The First Three Books. By Henky Law, C.E 1/6 

89. Euclid, Books 4, 5, 6, 1 z, I a. By Hen jtY Law, C.E. . . .1/6 

tar The { indicates that these vols, may be had strou^lv bound at 6d, extra. 
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Mathematics, Arithmetic, etc., continued. 

90. ANALYTICAL GEOMETRY AND CONIC SEC- 

TIONS, a Rudimentary Treatise on. By James Hann. A New Edition. 

re-written and enlarged by Professor J. R.YOUNG a/oj 

" The author's style is exceedingly clear and simple, and the book is well adapted for tbe begioacr. 
and those who may be obliged to have recourse to seii-tuitioa.'*— £ iv'"'^^' 

91. PLANE TRIGONOMETRY, the Elements o£ By James 

H ANN» formerly Mathematical Master of King's College, London . . s/6 

92. SPHERICAL TRIGONOMETRY, the Elements of. By 

James Hann. Revised by Charles H. Dowling. C.E. . . . . s/d 
\* Or with " The Elements 0/ Plane Trigonometry;* in One Volume, 9J. 6d, 

93. MENSURATION AND MEASURING, for Students and 

Practical Use. With the Mensuration and Levelling of Land for the purposes 
of Modem Engineering. By T. Baker, C.E. New Ed. by E. Nugent, CE^ 1^6 

101. DIFFERENTIAL CALCUL US, Elements of the. By W. S. B, 

WOOLHOUSB. F.R.A.S., &c 1/6 

xoa. INTEGRAL CALCULUS. By Homersham Cox, B.A. . i/b 
105. MNEMONICAL LESSONS.— GEOUErmY. Algebra, and 

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 
Penyngton Kirkman, M.A. 1/6 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Sdf- 

Instruction. By Jambs H addon, M.A. Revised by Abraham Arman . 1/6 

137. A KEY TO THE ABOVE. By A. Arman .... 1/6 
x68. DRA WING AND MEASURING INSTRUMENTS. In- 

eluding— L Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
H. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather. M.A t/6 

*' Valuable and instructive to all whose occupations require excepdonal accuracy in MeaMncacaU.** 
—yeweller and Metal W0rker, 

X69. OPTICAL INSTRUMENTS. Including (more especially) 

Telescopes, Microscopes, and Apparattis for producing copies of Maps and 
Plans by Photography. By J. F. Heather, M.A. Illustrated . . .1/6 
' An excellent treatise." — British Journal 0/ Photography, 

xyo. SURVEYING &* ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments used for Determining the Geometrical Features of 
a portion of Ground. II. Instruments employed in Astronomical ObsCTva* 

tions. By J. F. Heather, M.A. Illustrated x/6 

' A good, sensible, useful book.'* — School Board Chronicle, 

*«* The above three volumes form an enlargement of the Author i original work, 
* ' Mathematical Instruments " : price is. 6a. fSee No. 3a in the Series. J 

\ MATHEMATICAL INSTRUMENTS: Their Construction, 

Adjustment, Testing and Use. Comprising Drawing, Meastiring, Optical, 
Surveying, and A&tronomical lostruments. By J. F. H bather, M A. 
Enlarged Edition, for the most part entirely re-written. The Three Parts 
/ as above, in One thick Volume 4/6$ 

" An exhaustive treatise, belonging to the welMenown Wea1e*s Series. Mr. Heather's earpenenca 
well qualifies him for the ta»k he has so aUy ivA6\i<tA.**—EmgiHtering and Building Tttmts. 

xss. THE SLIDE RULE, AND NO IV TO USE IT. Con- 

taining full, easy, and simple Instructions to perform all Business Calculations 
with unexampled rapidity and accunu^. By Charles Hoare, CE. With 
a Slide Rule, in tuck of cover a^lS} 

X96. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES : with Tables of Logarithms for the more DiflUcult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and Uses for Mer* 
cantile and State Purposes. By Fedor Thoman, of the Soci^t^ Credit 
Mobilier, Par's. Third Edition, carefully revised and corrected . . . 4/0^ 

'* A very powerful work, and the author has a very remarkable command of his subject.**—! 
A. de Morgan. *' We recommend it to the notice of actuaries and acconntaats.*— ^ thewtmmi^ 
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The \ indicates that these vols, may ke had strongly tound at 6d. extra. 
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Mathematics, Arithmetic, etc., continued. 
199. THE COMPENDIOUS CALCULATOR (Intuitive Calcu- 

iatioHj); or, Easy and Concise Methods of Performing the various Arith- 
metical Operations required in Commercial and Business Transactions ; 
together with Useful I'ables, &c. By Daniel O'Gorman. Corrected and 
extended by Prof. J. R. Young. Twenty-sixth Ediuon, carefully revised by 
C. Nossis [Just published, 3/0J 

904. MATHEMATICAL TABLES, for Trigonometrical, Astro- 
nomical, and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By H. Law, C.E. Together with a Series of Tables for Navi- 
gation and Nautical Astronomy. By Professor J. R. Young. New Edition 4/0X 

•o4.» LOGARITHMS. With Mathematical Tables for Trigonome- 

trical, Antronomical, and Nautical Calculations. By Henry Law, C.E. 
Revised Edition. (Forming part of the above work.) . . Just fmblished, 3/0 

MI. MEASURES, WEIGHTS, AND MONEYS OF ALL 

NA TIONSt and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhouse, F.R.A.S., F.S.S. Sixth Edition, 9/0$ 
'* A work neoesnry for every mercantile ofBce.'*— i9M//<//«f Trades youmal. 

aa7. A TREATISE ON MATHEMATICS, as applied to the 

Constructive Arts. Illustrating the Various Processes of Mathematical 
Investigation by means of Arithmetical and Simple Algebraical Equations 
and Practical Examples. By Francis Cam pin, C.E., Ac Second Edition. 3/0} 
This volume should be in the bands of everyone connected with building constmction." — Builder* 



^'^hlj Riporter^ 
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the highest posuUe value for students and piactical mechanics." — Colliery Guardian. 



PHYSICAL SCIENCE, NATURAL PHILOSOPHY, etc. 
I. CHEMIST RY,{ox the Use of Beginners. By Prof. Geo. Fownes, 

F. R.S. With an Appendix on the Application of Chemistry to Agriculture, i/o 

a. NATURAL PHILOSOPHY, for the Use of Beginners., 
By Charles Tomlinson, F.R.S *x/6 

6. MECHANICS : Being a concise Exposition of the General 

Principles of Mechanical Science, and their Applications. By Charles 
Tomlinson, F.R.S x/6 

7. ELECTRICITY; showing the General Principles of Electri- 

cal Science, and the Purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With considerable Additions by R. Sabine, C.F.., F.S.A. 1/6 

7». GALVANISM, By Sir W. Snow Harris. New Edition, 

revised, with considerable Additions, by Robert Sabine, C.E. . . . 1/6 

8. MAGNETISM. By Sir W. Snow Harris. New Edition, 

revised and enlarged by H. M. Noad, Ph.D., With 165 Woodcuts . .3/6$ 

"The best popular exposition of magnetism, its intricate relations and complicating effects, with 
which we are acquainted.*'— 5'c4tf0/ Beard Chronicle, 

XX. THE ELECTRIC TELEGRAPH: its History and Progress ; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A., &c 3/0 
E»ential1y a practical and instructive work.'* — Daily Ttlegra/h, 

xa. PNEUMATICS, for the Use of Beginners. By Charles 

Tomlinson, F.R.S. Illustrated 1^6 

7a. MANUAL OF THE MOLLUSC A: A Treatise on Recent 

and Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by 
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts. 6/6 
\* The above handsomely bound in cloth boards, 71. 6d. 

" A storehmifle of conchological and geological information. "-~/^(«n/iv/VAr'f Science Cestib, 

'* An important work, with cuch additions as complete it to the present time.*' — Land and Water. 

56. ASTRONOMY. By the late Rev. Robert Main, M. A., F.R.S., 

formerly RadclifTe Observer at Oxford. Third Edition, revised and corrected 
to the Present Time, by Willi ah Thynne Lynn, B.A., F.R.A.S. . . 2/0 
"A found and umple treatise, very carefully edited, and a capital book for begtnners.*' — Knowledge, 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a dear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E 1/6 

13" The X imdicales that these vols, may be had strongly bound at 6d, extra. 
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Physical Science, Natural Philosophy, etc., continued. 
138. TELEGRAPH, HANDBOOK OF THE: A Guide to 

Candidates for Employment in the Telegraph Service. By R. Bond. Founh 
Edition, revised and enlarged ; to which is appended. Questions on Mag> 
NBTiSM, Electricity, and Practical rELSGRAPHY, for the Use of Stu- 
dents, by W. McGregor, Indian Government Telegraphs. Woodcuts . 3/0$ 

" This book is one of the very best works of die sort «e have ever come across. AO who are 
desirous of beini; employed in the service of the telegraph should at once procure it.** — Civil/am. 

,73. PHYSICAL GEOLOGY, partly based on Major-General Port- 

LOCKS " Rudimente of Geology." By Ralph Tate, A.L.S., Ac Woodcutt. a/o 

174. HISTORICAL GEOLOGY, partly based on Major-General 

PORTLOCK's" Rudiments." By RalphTate, A.L.S.,&c. Woodcuts. . %i^ 

X73. GEOLOGY, Physical and Historical. Consisting of 

A " Physical Geology," which sets forth the Leading Principles of the Science ; 
174. and * ' Historical Geology. " which treats of the M ineral and Orsanic Conditions 
of the Earth at each successive epoch. By Ralph Tate, F.G.S., ftc., ftc. 
With 350 Illustrations 4/6^ 

" The fulness of the matter has elevated the book into a manual. Its informaiion is eshanHive aad 
well arranged, so that any subject may be opened upon at once.'*— J^cAm/ B^ard Cknmiclt. 

,83. ANIMAL PHYSICS, Handbook of. By Dionysius Lard- 

184. NER, D.C.L. With 520 Illustrations. In OneVoL (733 pages), doth boaxds. 7/6 

\* Sold also in Two Parts , as follows: — 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I. -VII. . .4/0 

184. Animal Physics. By Dr. Lardner. Part I L, Chapters VII I.-X VI II. .3/0 

" This book contains a great deal more than an introduction to human anatomy. In it will be faoad 
the elements of comparative auiatomy, a complete treatise on the functions of the body, and a ~ 
of the phenomena of birth, growth, and decay. ' — EducatimuU Times, 



FINE ARTS, etc. 
90. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

Students and Amateurs in Architecture, Painting, &c. By George Ptme. a^ 

40,41. GLASS STAINING, AND THE ART OF PAINTING 

ON GLASS. From the German of Dr. Gessert and EMANUEL Otto 
Fromberg. With an Appendix on The Art op Enamelling. . .9/6 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer «/6 

** Mr. Spencer has marshalled his information with much skill, and yet with a simplicity that aoat 
recommend his works to all who wish to thoruughly understand music**— M^M/x Timts. 

7t. PIANOFORTE, The Art of Playing the. With numerous 

Exercises and Lessons. By Charles Child Spencer • . . .1/6 

** A sound and excellent work, written with spirit, and calctiUted to in^ire the pupil with a deareto 
aim at high accomplishment in the art/' — School Board ChronkU, 

69,71. MUSIC, AND THE PIANO JhORTE. One Vol Half-bound, s'o 
x8i. PAINTING POPULARLY EXPLAINED. By Thomas 

JOHN GuLLiCK. Painter, and John Timbs, F.S.A. Including; Fresco. OiU 
i osaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, Pjuntin^ 
on Ivory, Vellum, Pottery, Enamel. Ghiss, &c. Fonith Edition . . • s/o{ 
*,* Adopted as a Prize book at South Kensington. 

" Much may be learned, even by those who fancy they do not require to be taught, fron the carcfii 
perusal of this unpretending but comprehensive treatise." — Art youmal, 

186. A GRAMMAR OF COLOURING. Applied to Decorative 

Painting and the Arts. By George Field. New Edition, reriacd aad 
enlarged by Ellis A. Davidson. With Coloured Plates . . • • zJ^X 

" The bof k is a most tisef»l rttuttii of the properties of pigments.**— i9ai</dSrr. 

"One of the most useful of students' hoK^tA.'*— Architect, 

446. A DICTION A R Y OF PAINTERS, AND HANDBOOK 

FOR PICTURE AAfA TEURS; being a Guide for Visitors to Pohlic aad 
Private Picture Galleries, and for Art-Students, including Glossary oC Tenas. 
Sketch of Principal Schools of Painting. &c By Philippb Daktl, B.A. . *«{ 
" Considering itt small compass, really admirable. We cordially recommend the book.'*-»i 



The X indicates that thae vols, may be had strongly bound at 6d. ixtrm. 
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INDUSTRIAL AND USEFUL ARTS. 
33. BRICKS AND TILES, Rudimentary Treatise on the 

Manufacture of; containing an Outline of the Principles of Brickmaking. 
By E. DoBSON. M.R.I. B. A. Additions by C. Tomlinson, F.R.S. lUust. 3/ot 
" The best handbook on the subject. We can safely recommend It as a good investment'*— ^M'A//r. 

&j. CLOCKS AND WATCHES, AND BELLS, a Rudimentary 

Treatise on. By Sir Edmund Beckett, Bart. Q.C. Seventh Edition. . 4/6 
*«* The above handsomely bound, cloth boards, 5^ . 6d. 

*'The best work on the subject probably extant. The treatise on bells is undoubtedly the best in 
the )aMt^aig^,'*^-EHjpmeriHg, 

'The only modem treatise on clock-making." — Horological yonmal, 

' As a popular and practical treatise it is unapproached."— i?ff//tM Mechanic. 

83»». CONSTRUCTION OF DOOR LOCKS. From the Papers 

of A. C. HoBBs. Edited by Charles Tomlinson, F.R.S. With a Note 
upon Iron Safes by Robert Mallet. Illustrated 3/6 

x6a. THE BRASS FOUNDER'S MANUAL: Instructions for 

Modelling, Pattern Making, Moulding, Turning, &c. By W. Graham. . a/o{ 

205. THE ART OF LETTER FAINTING MADE EASY. 

By James Greig Badenoch. With is full-page Engravings of Examples . i/o 

^ " The system is a simple one, but quite original, and well worth the careful attention of letter- 
painters. It can be easily mastered and remembered."— ^JviA/t'Myf AVzcw. 

" Anv intelligent lad who fails to turn out decent work after studying this system, has mistaken his 
Tocation.'*— J?*^/wA Mechanic. 

ais. THE GOLDSMITH'S HANDBOOK, containing full In- 

structions in the Art of Alloying, Melting, Reducing, Colouring, Collecting and 
Refining. The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold ; Solders, Enamels, and other useful Rules and 
Recipes, ftc. By George E. Gee. Second Edition, considerably enlarged . 3/0} 
"A good, sound, technical educator." — Hcrological Journal, 

"A standard book, which few will care to be without" — Jtwellerand Meietlworker. 
" It is essentially a practical manual, intended primarily for the use of working jewellers, but is well 
adapted to the wants of amateurs and apprentices, containing, as it doe% trustworthy information that only 
a practical man can supply."— ^n^/iM Mechanic, 

22s. THE SILVERSMITH'S HANDBOOK, containing full In- 

structions for the Alloying; and Working;, Refining and Melting the Metal, 
its Solders, Preparation of Imitation Alloys, methods of Manipulation, Pre- 
vention of Waste, Instructions for Improving and Finishing, with useful 
Memoranda. By George E. Gee. With numerous Illustrations . . • 3/o{ 
"The fchief merit of the work is its practical character." — English Mechanic. 

"This work forms a valuable sequel to the author's ' Practical Gold worker.' "—Silversmith** Trade 
youmal, 

" As a guide to workmen and apprentices it will prove a frood technical educator, while mannfac- 
turers and dealers may learn much from its pages."— C7Au/«9v Herald, 

849. ^^^ HALL-MARKING OF JE WELLER V. Compris- 
ing an account of all the different Assay Towns of the United Kingdom ; with 
the Stamps at present employed ; also the Laws relating to the Standards and 
Hall-Marks at the various Assay Offices. By George E. Gee . . . s/oj 

"Deals thoroughly with its subject from a manufacturer's and dealer's point of view.**— ynMrZ/rr. 

" A valuable and trustworthy guide." — En^-lish Mechanic. 

824. COA CH'B UILDING : A Practical Treatise, Historical and 

Descriptive. By James W. Burgess. With 57 Illustrations . . • s/6j 

" From this book the intelligent and inquiring apprentice may get a thorough insight into the 
mysteries of coach-building." — Car/enter and Builder, 

"This handbook will supply a long*felt want, not only to manufacturers themselveSt but more 
particularly apprentices aT«d others whose occupations may be in any way connected with the trade of 
ooach-building." — European Mail, 

a3s. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Pn centor of Ely Cathedral. Illustrated a/6J 

" The amateur builder will find in this book all that is necessary to enable him personally to con- 
•tract a perfect organ with his own hands." — Academy. 

*'The best work 00 the subject that has yet appeared in book form of moderate sixe. We can 
cordially recommend the book to diose interested in organ construction.*' — English Mechanic, 

The X indicates that these vols, may be had strongly bound at td, extra. 
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MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, ARCHAE- 
OLOGY, tJU FINE ARTS, fife. By John Wealb. Fifth Edition, with 
numerous Additions. Edited by Robt. Hunt, F.R.S., Keeper of Mining 
Records, Editor of " U re's Dictionary." Numerous Illustrations . . .5/0 

*«* Tk€ above, strongly bowmd in cloth boards, price 6f. 

"The best small technological dictionary in the language.**— yfrril//tfc/. 

'* The absolnte accuracy of a work of this character can only be judged of after extensile oonsaltataon 
and from our examination it appears very correct and very complete.** — Mining JoumuL 

** There is no need now to speak of the excellence of diis work ; it received the approTal of the com- 
munity long ago. Edited now by Mr. Robert Hunt, and published in a cheap, handy form, it will be uf 
the utmost service as a book of reference scarcely to be exceeded in value."— %Sc»/x«m«. 

^,THE LAW OF CONTRACTS FOR WORKS AND 

SERVICES. By Dayid Gibbons. Third Edition, enlaiiged . . • 3.ot 

" A very compendious, (till and intdligible digest of the working and results of the law, in recard 10 
all kinds of conuacts between parties standing in the relation of employer and employed.**— i^an/ifirr. 

** This exhaustive manual b written in a clear, terse, and pleasant style, and b just the wwk for 
masters and servants alike to depend upon for constant reference.*'— itfr/riis|A»^S£CMi. 

„a. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all cases of Accident and Emer- 
f^ency. Third Edition, caitrfully revised a/c ^ 



" The author has, we think, performed a useful service by placing at the dbposal of those sitnated, 
by unavoidable circumstances, at a distance from medical aid, a reliable and sensible irork in which pro* 
fobional knowledge snd accuracy have been well seconded by the ability to express '*«'"fT?*' in ordinary 
untechnical language.'*— Paf^/ic ll*altk. 

!„.• MANAGEMENT OF HEALTH. A Manual of Home 

and Personal Hygiene. By the Rev.jAMES Baird, B.A i/o 

'* The author gives sound instmcuons for the preservation of hcaXCtk,** —AikeMdnttn. 

** It b wonderfully reliable, it b written widi excellent taste, and there b instmctiOB crowdod into 
every page." — English MecManic, 

150. LOGIC J Pure and Applied. By S. H. Emmens. Third Edition 1/6 

** Thb admirable work should be a text -book not only for schools. stiid««ts and philosophers, for all 
XigrmtenrSt and men of science, but f\»r those concerned m the practical aflTursof hfe, &c*' — 7%4 NemM* 

XS3. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens . . 2/0 

X54. GENERAL HINTS TO EMIGRANTS. Containing No- 
tices of the various Fields for Emigration. With Hints on Preparatioo for 
Emigratin^^, Outfits, ftc, Useful Redpes, Map of the World, ftc . . a/o 

,57. THE EMIGRANT'S GUIDE TO NATAL. By Robert 

James Mann, F.R.A.S., F.M.S. Second Edition, rerised. Map • • a/o 

„3 HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Knollys. F.R.G.S. With 163 Woodcuts 3,'oJ 

"A well-dmed and able contribution to our military literature. . . . The author snppKca^ in a 
clear business style, all the infora.aiion likely to be practically oscfuL^—OlMMArry 0/ Comm$em 
CkrotucU. 

194. ^^^ HOUSE MANAGER: Being a Guide to Housekeep* 

ing, Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, the Table and Desert, Cellarage of Wines, Horoe-bfewiag and 
Wine-making, the Boudoir and Dressing-room, Travelling, Stable Ecomnj, 
Gaidening Operations. &c. By An Old Housekeefba .... %%X 
** We find here directions to be dis c overed in no other book, tending to sava 1 niiiim to the pedkc » 
as well as labour to the head."— T^Am BulL 

** Quite an Encyclopaedb of domestic matter*. We have been gready pleaaed widi the aiiiTn— 
and luodity of the explanatory details."— C^ir/ Cirtulmr, 

House Manager* 

2 L oyiuiv^uu»wpuoc«i..^r.rc.^. ... i^w«»« ....... .....w...^ By RALPR GOODINQ, 

ft* r M.D. III. Management OF Health. By Jambs Baird. InOneVoL, 
xxa*. / strongly half-boimd 6/0 

Tke X indicates that these vols, may be had strongly bound at 6^ extrm. 
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USEFUL OFFICE BOOKS. 



THE WEIGHT CALCULATOR; Being a S^es of Tables upon 

a New and Comprehensive Plan, exhibiting at 9ne Reference the exact Value of any Weight 
from X lb. to 15 tons» at 300 Progressive Rates, from \d, to i68j. per cwt, and contaimng 
186,000 Direct Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), wiU afford an aggregate of 10,466,000 Answers ; the 
whole being calculated and designed ta ensure correctness and ^promote despatch. By 
Henry Harben, Accountant, Sheffield, Author of ' 'The Discount Guide." An entirely 
New Edition, caiefully revised. Royal 8vo, strongly half-4xiund, £\ 5f. 

"A practical and useful work of reference for men of business generally, it u the best of the 
kind we have seen. We have frequently been asked if such a work as this could be obtained, and 
therefore refer to it with pleasure. — frommoMger. 

" Of i»ice1ess value to business men. Its accuracy and completeness hat« secured for it a 
reputation which renders it ouite unnecessary for us to say one word in its praise. It is a neces* 
sarv book in all mercanule offices."— >S'A^r/a ImUpendaU, 

" An enormous amount of labour must nave been bestowed upon the preparation of the tables, 
but the result is a series which gives the answers sought more readily than any of ils prede- 
cessors." — Mining Journal, 

THE IRON AND METAL TRADES' COMPANION; 

Being a Calculator containing a Series of Tables upon a New and Comprehensive Plan 
for expeditiously ascertaining the Value of any Goods bought or Sold by Weight, from u. 
per cwt. to zi2f. per cwt., and from one farthing per pound to one shilling per pound. Each 
Table extends from one pound fo zoo tons ; to which are appended Riues on Decimals, 
Sauare and Cube Root, Mensuration of Superficies and Solids, &c.; also Tables of 
weights of Materials, and other Useful Memoranda. By Thomas DOWNIE. Strongly 
bound in leather, 396 pp., 91. 

" A most useful set of tables, and will supply a want, for nothing like them before existed.**— 
Buiidinr News. 

*' WiU save the possessor the trouble of making numerous intricate calculations. Althoojjh 
8f>ecially adapted to the iron and metal tnde^ the tables contained in this handy little corapomon 
will be found useful in every other business in which merchandise is bought ancl soki by weight ** 
•^Rmihuay Ntws, 

" IRON AND STEEL " : A work for the Forge, Foundry, 

Factory, and Office. Containing ready, useful, and trustworthy Information for Iron- 
masters and their Stock-takers ; Managers of Bar, Rail, Plate, and Sheet Rolling Mills ; 
Iron and Metal Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, and Con- 
sulting Engineers ; Architects, Contractors. Builders, and Professional Draughtsmen. By 
Charles Hoarb. Author of " The Slide Rule," &c. Eighth Edition. Revised through- 
out and considerably enlarged. With folding Scales of *' Foreign Measures compared 
with the English Foot," and " Fixed Scales of Squares, Cubes, and Roots, Areas, 
Uecimal Equivalents, &c." Oblong 32mo, leather, elastic-band, 6j. 

" For comprehensiveness the book has not its equal.**— /nw. 

" One of the best of the pocket books, and a useful companion in other branches of work than 
iron and 9let\,'''^Engli$k Mtctuutic, 

" We cordially recommend this book to those engaged in considering the details of all kinds of 
iron and steel works." — Naval Scienct, 

THE BOILER-MAKER'S READY RECKONER. With 

Examples of Practical Greometiy and Tempkiting, for the Use of Platers, Smiths, and 
Riveters. By John Courtney. Edited by D. K. Clark, M.I.CE. Second Edition, 
revised with additions, xamo, half-bound, y» 

" There is scarcely a point connected with the duties of those who have to superintend the 
making of boilers, and in which calculations are necessary, that has been omitted from the pages 
of iW^yohxaM.'*'— Foreman Engineer. 

** A moM asefal work. .... No workman or apprentice should be without this book.**— 
Iron Trade Circular. 

" A reliable guide to the working boiler maker."— /r»«. 

" Boiler makers will readily recognise the value of this volume. . . . The tables are deariy 
pnnted, and so arTan2«d that they can be referred to with the greatest fadlity, so that it cannot be 
doubted that they wiu be generally appreciated and much voM.'^^MimngJottmal. 

CROSBY LOCKWOOD & CO., 7, Stationers* Hall Court, London, E.C. 
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Y. 

PRIZE MEDALS : 
PHZLADXLPHIA^ 1876 ^BOSTOV, 1888 ^LOVDOH, 1884« 

JOHN OAKEY & SONS, 

GENUIIE EMERT CLOTH, EHERT WHEELS, GLASS 
PAPER, GLASS CLOTH, EHERT PAPER. 

EMERY, BUCK LEAD, PUMICE, CROCUS, TRIPOLI, &c. 

Agents for the Sale of London, Scotch and F^oreiffn CHuesm 

Oake/8 " Flexible Twilled " Emery Cloth. 

For Eogioeen, Sewing Machine, Lock nod Scale Makers, and all purposes where greal SmMCTK, 

DuKABiLiTV, and Pbkfbct FuEXiBiLtTV are reqnired. 

OAKEY^ "FLEXIBLE" QLA88 PAPER. 

Unequlled for Slra^ and Dunbiliqr. Each diwt b wanaotcd ud fUBpcd " OtktjrV 

jr.A— Emery Oofh, Glass Cloth, and Olass Paper, in Bolls fmr Kadhiiie use. 
WELLINGTON EMERY AND BUCK LEAD MILLS, 

WESTMINSTER BMDGE ROAD, LONDON, S.E. 

^S^LA I H EO VARIETIES. 

IJr PATENT SAW for Engineers* Pattern 

^ Makers, Cabinet Makers, Joiners. 

A Ctttlogue eontMining prioat of £iMm i nr'nm ptrti of Lathtt, U. 

Makers to the British Ooremment. i Prise Medals wherever Exhibited. 

BRITANNIA COMPANY, COLCHESTER. 

London Show Boom: 99, VBVOBXJROR BTBMBT* 

PROFESSIONAL ANNOUNCEHEN!r. 

The Author of this Work, having had laige and varied experience as a 
Manufocturer of Engines^ Millwork, Machine-Tools and Machinery, b^^ 
to offer his Services as a Consulting Engineer, Mechanical Valuer, 
AND Arbitrator. Sngines« Boilers, Haohine-ToolB» aad IfiiftMnery 
Inspected aad Valued. Tests made of Machinery and SaENTiFic 
Apparatus, &c. Inveniars assisted in carrying out and diseasing of 
their Inventions, Xfacpert in Patent Causes, te. 

W. S. HUTTON, 

4) Sunderland Villas, 

Forest Hill, 

London, S.£. 



AD VERTISEMENTS. 



Pfeil & Co. 
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